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 ABSTRACT

~

“The study deals with dust in desert terrains — its composition, distribution and the
relation to Jandforms, climate and age. Most of the dust in deserts is derived from soils
and surficizl deposits. These, in turn, are associated with landforins that are readily iden-
tifiable on airphotos (and in many cases — on topographic maps and space imagery).

Emphasis is placed on particle size distribution, mineral composition, the composition
of salts and the distribution with depth. The interrelations with atmospheric dust in and
from deserts are underlined.

The latgest content of dust is found in loessial soils, Takyr soils and the thick Reg and
Hammada soils. Young gravelly alluvium, dune sand and some playa soils are rather poor
in dust content. The thickness of the continuous dust-rich layer is greatest in loessial soils
and deposits and Takyr soils, The thinest dust horizons are found in yourg Reg and Ham-
mada soils.

Salts and gypsum are typical conetituents in desert soils. Usually there is inore gyp-
sum than salts. Both show in the dust and the sand fractions and their content increases
with soil depth. The most saline are Solonchak and Reg roils. The least aaline are sand
dune soils, young gravelly soils and luessial soils in the less arid environments.

The composition and distribution of the dust-sized materiala are presented in quanti-
tative terma.

Ground cover/protection is of several types: desert pavement, loessial crusts, biologic
crusts and salt cruste. A procednre for evaluaticn of dust ~vailalilii, iu desert terrains
mpanies thi rt.
accompanies this repc -
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PREFACE

Dust in desert tarrains is concentrated primarily in soils and surficis! deposits.
The present study dos/s meinly with these two medis. The deserts of [srael and
Sinai are similer in many sspects, such as landforms, deposits and aclls, to other
hot deserts. The studied terrains represent — in principle and practice — meny
widespresad desert lendscapes. Quantitatively, there are certainly some Jiffar-
onces, but the reader mey use the results of the present study as sn epproximation
for similar terrains elswhere.

We have benefited grest/y from the resesrch and snalysis presented by meny
colleagues. We are grateful especislly to J Dan, D+ Yeslon H. Koyumdjisky and
E. Ganor for providing data, analyses and interpretations in their studies on soils
and dust. We have consulted them occasionally.

The help of seve-al collaborators is gladly acknowledged. U. Amit, for deta pro-
cessing and analysis;, T. Sopher and N.Z. Baer, for drafting the figures, Are'
Rosen, for assistance in the fleld and in the laborstory, Arlane Rosen, for editing 8
po-tion of the prasant report, M. Frankel, for word-processing, formast editing and
printing of this volume.
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PART A. INTRODUCTION
A.1 8COPE AND OBJECTIVES OF 8TUDY.

The present study aims at assisting a planner to evaluate the availabllity of dust in desert
terrains — on the surface and at a shallow depth. Such an evaluation is important especially
in areas for which there is no direct opportunity to examine the Iandscape in the field.

Dust in deserts is found primarily in surficlal deposits and in solls. Such deposits and soils
are closely associated with host-landforme. These landforms may be readily interpreted and

identified from alrphotos, spuce imagery and wnaps which are often available for unexplored or
inaccessible deserts.

Two objectives underlie the present study:
1. To estimate or evaluate the smount, composition and distribution of dust in desert soils
and surficial deposits.

2. To lay the foundation for s proceduie for evaluation of dust availability in deaert ter-
rains.

The study wa= carried out in the deserts of southern lsrael (the Negev, the Dead Sea Rift,
and the Judean Desert) and Sinai, which may serve as a model for other deserts (fig. A.1).

The general setting of the selected devert vegion is as follows:

1. Lithology (the lithostratigraphy 1s presented in fig. A.2). Southern Israel, most of the
Sinsi and southern Jordan, are underlain mainly by carbonate rocks — limestones, dolomites,
chalke and marls of upper Cretaceous and Tertiary ages. Shales and flints are exposed in cer-
tain (mostly synclinal) areas. Along the margins of the Arava (Rift) Valley there are expo-
sures of sandstones of Palcosoic to lower Cretaceous ages, overlain by carbonate rocks. In the
southernmost Negev, eastern and southern Sinai, and southwestern Jordan there are exposures
of igneous and metamorphic rocks of Precambrian age — granites, diorites, syenites, various
porphyritic rocks, gneisses and echists. Fluviatile gravel is widespread in the plains of the
southern Negev and the Arava Vailey. Dune fields are located in the northwestern Negev and
loessial terrains sre typical of the northern margins of the region. A pedologic expression of
these later deposits sre presented in the soil map, fig. A.3.

2. Physlography and relief. The gross physiographic festures of the Negev and the Sinai
are related to the following elements and basic conditions: a. Geologic structure: fault escarp-
ments along the Arava Rift Valley and across the central and southern Negev; elevated anticli-
nal ridges and synclinal depressions; inversions of relief as best exerplitied in the deep, escarp-
ment skirted, erosion cirques at the cores of three major anticlinal structures (plate 7A);
plateaus, built of 8at lying limestones {plates 1B, 7A). b. Stream valleys and hillslopes of
mountaineous (>200m in relief and >20° in gradient) or hilly nature (20-200 m in relief and
<20°in gradient; plate 8 A-C). These are erosional features which are expressed in all types of
cohesive rocks (plates 7-8). ¢. Escarpments — lang +nd continuous steep miopes forn.<d t,
faul'lug ond/or erosion, built of limestones overlying chalks and shales, flints overlying chalks
or in rather monolithologic terrains along major fault lines. d. Plains (<20 m in reliefl and
<10° in gradient) are characteristically related to graveily, sandy or loessial deposits (plate
1B). e. Badlands which are limnited to areas of steep gradients where shales, chalks and joess
are exposed (plate 9).
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Figure A1 \ location map — The Negev,
northeastern Sinsi, part of the Dead Ses Rift
Valley and the Judean Desert: mean annual
rainfall and sites of soil profiles and sections
in surficial deponits.
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3. Clirnate. The clinatic regimes of the hot arid environment are here subdivided accord-
ing to the mean annua! precipitation as follows (modified from Dan, 1981): a, Semi-arid —
400-250 mm/year; b, Moderately arid — 250~150 mm/year; ¢. Arid —- 150-80 mm/year; d.
Extremely arid — <80 mum/year. This subdivision is based on areal distribution of vegetation
associations, and geomorphic processes, such as the relative significance of :aechanical weath-
ering and diagnostic soil associations.

Most of the Negev and the Sinai is a hot desert under arid and extremely arid climates (fig.
A.l). The northern fringes of the Negev sre moderately arid, recieving 150-250 mm/year of
mean annual precipitation, and having a mean annual temperature of 19-21°C. The northern
and central Negev ate arid in climate — 80-150 mm /year of average precipitation and 19-21'C
in mean annual temperature. The southern Negev and the Arava Valley are drier and hotter:
less than 50 mm/year of average precipitation and above 23°C in mean annual temperature.
Mean annual relative humidity decreases from 55-80% in the northern Negev, to 40-50% in
the southern Negev. Potential evaporation is high: 180-180 cm/year in the northern Negev, and
180-270 cm/year in the southern Negev and in the Arava Valley.

A.2 AGENERALSTATEMENT.

Dust ie here defined as material composed of particles smaller than £.082 mm in

diameter. It is the silt {0.063--0.002 mm) and clay (< 0.002mm) fractions in both surficial depo-
sits and the atmosphere.

Dust is present in appreciable amounta — usually larger than several percents — at and
close to the surface of many desert terrains. Moat of the dust is to be found in desert soils and
surficial deposits, and in joints between rock blocks. The occurrence of dust as a major com-
ponent in the exposed bedrock is less frequent. Shale, chalk and mudstone may serve as exam-
ples.

The sources of dust in deserts are diversified. Dust may derive from two groups of
sources:

1. Primary sources: products of in miu rock weathering; volcanic ash; marine aerosols;
particles of biogenic, anthropogenic and cosmic sources.

2. Secondary sources: alluvial and colluvial sediments; soils; eolian sediments such as
sand dures and eolian loess; deposits of standing water, as found in playas and dried lakes.
These secondary sources have acquaired the dust from the atmosphere. Atmoapheric dust set-
tled, was trapped for a period of time, or muay have been eroded, transported by runoff and/or
wind and again deposited elsewhere. Hence, dust is a recycled material. Its quality and quanti-
ty at many sites are controlled by laws of erosion, deflation, transportation and deposition.

A.8 THE ASSOCIATION BETWEEN DUST, SOILS (OR DEPOSITS) AND LAND-
FORMS IN DESERT TERRAINS.

Three major factors govern geomorphic processes that ahape the landscape, the evolution
* wndforms and the development of aridic soils in deserts:

Ad




Table A.1: Fhysiographic Units, Landforms and Associated Soils/Surticial Deposus

Landform Landlorm Reliof Sowrce/Parent Material Climate Soll Type; T Depo!
Component  Type ype; Type of Surficlal it
Loess Plain Plain Loess Semi-arid to Loess, Loessial Soil
Modorately Arid
Playa, Sabkha Plain Arid to Extremely
. Arid
a Cerier Fine Allwium < Takyr Soil. Solonchak Sail
< Transition
i Zonov Sandy to Fine Allwium Solonchak SoilTakyr Soit
- Margin Gravelly to Sandy Reg Soil Solonchak Soil
3 Alkvium
= Sand Duna Hilt, Sand
Pan
2 sabzed Jue Semi Arid to Arid Sand, Regoso!
5 Aitve Uune Arid to Extremely Eolian Sana
Arid
T racs
Alavial Tor-ace Terrace Piain Coarse  Atvim Arigd tc Extremely Reg Soi
Tread Arg
Loess Semi-arid 1o Loess, Loessial Soit
Modarately Arid
Sand Semi-arid to Alivial Sand, Sandy Regosol
Extremety A-id
r oeniat Fan Trace Piain Coarse Atvium And 10 Extremely Reg Soil, Gravelly Regosol
Terease Traad And {on siove daposts)
¢ Transitom Hal, Coarse Coilwvim/ Arid to Extremely Reg Soil. Gravelly Regosol
- ihs<Atluval Piain Alluviom Arid
A farrace
= A Bai'ena Hitt, Coarse Ainvium Arid to Extremaly Coarse Desert Aluwvium, Incipient
= Puan Arid Reg Soit
2 . Rockawt Terrace Terrace Plain Hard/Soft Bedrock Arid to Extremely Hammada, Lithosol
g Tread Arid
B4
= Fan
“. , a. Aawial fFan Pain Coarse Alwim Arid to Extremely Coarse Desert Aluvium, inciplant
g Arid Reg Soil
2 Coarse andfor Fine Arid to Extremely e.g. Brown Afuvial Soil
& Aluwim Arld Aluvial Gley
b. Dotxis Flow fan Plain Debns Flow Deposits Moderately Arid to Debris Flow Deposit, Sieve Deposit,
Extremely Arid Gravelly Regosol
Active Channel Plain Coarse andfor Fina Semi-arid to Gravel, Sand, Sit, Clay, in Varying
and/or Floodplain Aliuvum Extremely Arid Proportions: Coarse Desert Aluvium,
Altyvial Sand, Loess. Incipient
Reg Soit
Plateau Crest Plain, Hard, Brittic Bedrock Semi-arid to Hammada Soil, Lithosol
Hit Extremely Arid
Flat Plain Harg, Brittle Bedrock Semi-arid to Hamvnada Soil, Lithosoi
Divide Extremely Arid
Saddhy Hitt Hard Brittie or Soft, Semi-arid to Lithosol, Loessial Serozem,
Erodible Rocks Extremely Arid Serozem, Hammada Soil
Undulating Hills Hi Soft, Erodible Rocks, Semi-arid to Loessial Soil, Dune Sand, Allviat
Loess, Sand Extremely Arid Sand, Sandy Regosol Lithosol,
Serozem Soil
- Badtands Hitt Soft Erodible Bedrock. Semi-arid to Uthosol, Regosol, Loess
s loess, shale, mari, Extremely Arid
§_ chatk)
g Rocky Hilisiope Mountain, Hard, Brittle Bedrock Semi-arid to Lithosol (not continuous, often in
. MM Extremely Arid patches}
y Mountain, Soft, Eroditle, Friable Semi-arid to Lithosol, Regasol, {often in
.é' Hil Bedrock Extremety Arid patches)
]
= o Uthosot
= Coliuwvial Milisiope Footslope Mountain, Hard, Brittie and/or Semi-arid to Loessial Serozem,
Hist Soft Erodible Rocks Exvemely Arid
itk Mountain, Moderately Arid to
Talus Hilislope byt Ex Arid
a. Debris Flow Debrts Flow Deposits Gravetty Re~osol, Reg Soil
Talus
b. Sieve Deposit Sieve Deposits Gravelly Regosol, Reg Sol
Talus
¢ Rockfall Taks Rockfat Deposits Gravelly Regosol Reg Sol
A5
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Notes on Table A.1: Physiographic Units, Landforms and Associated
Soils/Surficial Deposits

The table relates soil types and surficial depoaits to the various landscape
features (physiografic units or landforms) that are widespresad in desarts (Table E.2.1

characterizes soils by their dust aitributas anc some othar proporties, such as gravel
and salt content}

The subdivis:un Of landscape selected here enables the user to 8eparate
tandscape features according 1o two categories:
1. Landfor ns that have a clear signature on regularly used visual alds.

2. Landtorms that carry 8oils that may be easily identified and are different from
each othar,

All of the widespread desert landforms are included. The ganeral order of the
landforms in the table 1eflects the abundance of dust in the 8cil and to a certain de-
gree takes into account the frequancy of occurrenca of the landforms in dasert ter-
rains. Sinca we could closely examine Mid-Eastern soll only in the Negev and the

Sinai. the data reflact desert tarrain in these regions; they are, howevar, very similar
10 other dasert terrains in the Middle East.

Reliof types are subdivided into three groups:

1. Mountains: rahet > 200m; gradients > 20°.
2. Hills- relief of 20-200m; gradients > 15°.
3. Plains: relief < 20m; gradients usually < 10°.

Source and parent materials of different hardness, weatherability and erodibllity
may determine soil nature. Hard, durable rocks, such as dolomite, "lint, syenite and
¢.orite, usually weather into gravel, which hartbours dust and salts from external
sources (windborne and washed-in by water). Soft, friable rocks such as shales,

chatks, sandstones and mudstones weather down to sand and finer fractions, mixed
with external dust and salts.

The cl:mate in hot arid envircnments is hare subdivided into four rogimos, accerd-
ing to mean annual precipitation:

1. Semi-and - 250-400 mm/year;

2. Moderataly arid - 150-250 mm/year;
3. Arid - 80-150 mm/year;

4. Extremaly arid - < 80 mm/year.

1. Lithology - rock composition, texture and structure. This factor largely affects the

mode and rate of weathering, the type of weathering products, the roughness at the surface, the
susceptibility of the debris mantle to erosion by runoff and wind, the porosity and permeabili-
ty at and near the surface. Soil properties and soil development at any particular site in deserts
are strongly influenced by the type of bedrock or surficial debris mantle. The original composi-

tion, texture or structure of the parent material are to be observed in desert s0il for very long
petiods of time.

2. Climate manifests its influence on desert landforms and soils mainly through precipi-
tation and wind. Rainfall amount, duration and intensity determine water availabilty and
thereby control the processcs of runoff, erosion, mass movements and deposiiion. Water infil-
tration controls the penetration of dust into the s0il profile as well as introduction of salts,
precipitated upon evaporation . Atmospheric circulation and wind introduce most of the air-

borne dust and salts into a given site. Settling dust, dissolved salts, infiltration and runoff
determine the nature of the soil.

3. Topography cr the physiogrphic nature of the landacape. Factors such as gradient,
aspect and surficial roughness are included here. The processes that shape and maintain both
the landforms and the soils are largely affected by topography. Especially significant are the

ik




condition of a landform - degradation, stability or aggradation. On a stable surface the rate
of soil formation and maturation is usually the mosat rapid.

Az emphasised in chapter A.2 dust in most desert terraing is 8 secondary, allochtor ous ma-
terial. The aceretion of dust in the soil is a function of the Bux rate of dust import and settle-
ment as well as the condition of the potential receptacle — the type ol debria mantle, the
stability of the surlace, the mode and rate of penetration, ete.

The interaction between the landform and the climatic elements is beat reflected in the
desert 30il. The genetic relationship bet ween soils and landforme on the one hand and litholo-
gy, structure, gross physiography and climate on the other hand, enable us to subdivide the
landscape on the basis of these later major controlling factors. Table A.l presents a list of the
most frequently encountered desert landforms. These are also readily identified on airphotos
and may be interpreted fromm large scale topographic mape. T'welve major ¢ypes of iandforms
are recognited; furtlier subdivisior .eads to a total of twenty types (plates 1-9). The aoils re-
lated to these laniforms are listed in the last column of table A.l. Certain soil types are
unique to particular landforms whereas others are characteristic to a group of landfcrms. For
definitions of th:se landforms and soils the reader i referred to the glossary in Appendir G.4.

A.4 DESERT SOILS AND SURFICIAL DEPOSITS — CLASSIFICATION AND
DESCRIPTION.

In order to be able to estimate or predict the properties of desert soils or deposits in areas
which are inaccessible, and to use available tools auch as maps, aitphotos, and climatic data, it
is necessary to resort to a lassification based on gross Iandscape features. A soil classification
founded on parent material, landform and climate is largely genetic in nature. Such a genetic
soil classification was chosen for the present report. It has beun in use in Israel for the last
three decades (Dan et al, 1962; Dan et al, 1972; Dan et al 1976). This soil classification includes

the following soil orders and soil types (only the material pertraining to desert terzains is
presented here):

1. Climatogenic soils: Serozem soils, Reg soils.
2. Lithogenic soils: Hammada soils, Lithosols, Regosols.

3. Fluviogenic and colian soils: coarse desert alluvium, alluvial sand, eolian sand loess,
loessial soils.

4. Hydrogenic soils: Takyr soils, Solonchak soils.

These are the s0il types frequently encountered in hot-desert terrains. They are typica. to
the Negev, Sinai and similar Mid-Eastern deserts.

The following is a brief chatacterization of the more widespread svil types (for additional
information sce a Gloss~+y in Appendix G.4):

Loecsesial Solls (aridle)

These are relatively thick (40-200 cm) soils, usually of loam, silt-loam or siit-clay-loam
composition, developed on primary eolian or reworked loess. They are usually found in the
semi-arid to mouerately arid fringes of Mid-Eastern and other deserts, or areas which were
under such climatic ~onditions in the past. Buried or exposed paleosols in loessial sections are

A7
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occasionally more clayey in nature. Aridic loessial soils often contain pedogenic CaCO, in no-
dules and rmay contain low concentrations of gypsum and/or salts. The soil is usually covered
by a thin (1-3 mm) loess crust, usually denser and more cohesive than the unds:lying A hor-
ison. The typical landecape of loessial terrains is flat, undulating or badland, with relief usu-
ally < 20m (Plate 9A). The nstural vegetation is & grass-steppe type. Under desert conditions
shallow and saline gypsic Serosem soils develop, often containing some gravel.

Takyr Solls

Takyr soils are relatively thick (40-180 cm), of clay-loam or silt-clay-loam composition,
and develop at the center of playas. These soils carry low to moderate amounts of gypsum and
salts. The average thickness of the major soil horisonsis: A —7em, B — 18 ¢cm, C — §0 cm.
The s0il develops on fine grained fluvial and eolian sediments deposited at the center of playas.
It is usually gravel-free. The terrain is flat and is occasionslly inundated by flood water. The
soil may remain moist for several months a year. Usually there is a thin loess crust overlying
the A horison and the surface is poor in vegetation or sterile.

Bolonehak Solls

Solonchak soils are highly saline playa and sabkha soils. Usually they have poor or no
pedogenic structure, since their properties are determined by both deposition of fluviatile and
eolian sediments and precipitation of various salts by shallow ground water and inundating
flood water. At the surface there are crusts rich in salts and gypsum. Highly concentrated sait
and gypsum layers are found at depth. Sometimes the soil is composed of saline silt and/or
clay, but in other cases the soil is coarse textured with an abundance of fine gravel and/or
sand. Soil thickness varies from several tens of ¢m to more than a meter. The relief is flat with

some undulations, usually less than 100 cm high. Moisture is usually found close to or at the
surface.

Reg Solls

Reg soils are gravelly soils developed on surfaces composed of coarse alluvium, i.e. alluvial
fans and alluvial terraces. Their thickness ranges between 30-40 cm in Holocene Reg soils to
more than 100 cm in Reg soils on older (Pleistocene) alluvial surfaces. The typical soil profile
consists of a surficial gravelly desert pavement, a vesicular horison underlying it (0.5-7 cm
thick), a gravel-free or gravel-poor B horison {<25 ¢m) and & gravelly C horison (usually <35
cm). There are certain cases in which the B and C horisons are thicker than indicated above. B
and C horisons of old Reg s0ils contain large amounts of pedogenic gypsum, salts, and in many
cases, CaCO,. Well developed Reg surfaces are devoid of vegetation. The older the surface tle
smoother it is. Holocene surfaces retain their gravel bar and swale configuration and rough-
ness (Plate 5B), wheras surfaces older than 50-70,000 years are veneered by a complete cover cf
mechanically weathered angular gravel of <10 ¢m in sise, to form a smooth desert pavement
(Plates 11A,B; 14A,B). Under such a pavement there is usually a gravel-free horison composed
primarily of dust, gypsum and salts.

Hammada Solls

Hammada soils are gravelly soils developed in-sits on bedrock, on flat or gently sloping ter-
rains. The gravel is usually mixed with a fiue earth fraction composed mainly of dust, from an
airborne source; some fine material is formed by weathering of the local bedrock. The surficial
appearance and the scil profiles is very diversifed:
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1. In terrains built of hard brittle bedrock there are usually blocks of exposed bedrock and
pockets of soil in-between (Plate 14D). The soila range from gravel and fines with poorly de-
fined horisons, to pocketa of loess in shallow depressions.

2. On hard bedrock one may find old Hammada soils that resemlle old Reg soils in most
respects: & desert pavement of varying degree of evolution at the surface, a vesicular A hor-
ison underlying the pavement gravel, a B horison of varying degree of dust accretion (eome-
times gravel-free) and a highly gravelly C horison merging with the bedrock. Plate 11A illus-
trates a very well developed Hammzeda soil on a limestone platesu.

3. In terrains built of hard sandstone, one often finds sandstone gravel overlying sand or
sandy loam as a typical Hammads soil (Plate 14 C).

Hammada soils are usually gypsic, saline or calcic.

Lithosols

Lithosols are shaliow stony soils without very distinct horisons, on a weathered or a
slightly weathered bedrock and usually they are saiine. They are, then, similar in general ap-
pearance to some Hammada soils. However, the term lithosol usually applies to the soils that
are found on hillslopes, generally over a soft bedruck such as chalk and marl. In these cases

they are light in color. They are darker where they are developed on hand rocks, such as lime-
stone.

Serosem Solla

Serosem soils are aridic soils (usually of grey, grey brown color) that have calecic, gypsic
and/or saline horisons at shallow depths. Excluded are several soils which may have some
similar characteristics, such as Reg and Hammada soils. Under the Serosem soil category one
may find loessial Serozems, stony Serogems, and calcic Serosems. In all theae soils the amounts
of dust are high, often several tens of percents.

Sandy Solls

Sandy soils are soils whizh include sand as the major textural component. Such soils are
rather diversified, according to the pedogenic processes irvolved. Hence, one may define sandy
Solonchak soils, sandy Regosols, sandy loessial soils, calci- alluvial sands and others. The dust
gized fraction in these soils may reach 10-309.

Regoscls

Regusols are poorly developed soils derived from unconsolidated parent materials (gravel,
sand and loess). They are rather deep and are typical Lo hillslopes cr badlands. In deserts there
are several types of Regosols: gravelly Regosols, on sieve deposits and other unconsolidated
gravelly slopes; sandy Regosols, in sandy terrains; and loessial Regosols on hillslopes in loes-
sial terrains.

Alluvial Solls

Alluvial soils are usually soils that are fluvially derived from some other areas than where
they have originally formed. Such soils are accumulations of soil material which has been
eroded elsewhere, Within this category one also finds soils that have developed out of alluvial
deposits: the structure or stratification of the alluvium is clearly visible in them, in spite of
pedogenic horisonation.
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A.56 THE FRAMEWORK OF THE REPORT.

The present report includes the following topics:
1. Atmospheric Dust in Deserts — a Review.

Since much of the dust in degert terrains is allochtonous — introduced into the deposits
through the surface of the soil — it is of paramount interest to recognise the nature and
characterietics of the dust in the atmosphere. Seversl subjects are emphasiszed here:
mobilisation, transport and deposition; perticle sise distribution; mineral composition.

2. The Non-Gravelly Materials In Desert Solls and Deposita — Sand, Dust and
Salts.

The soil and deposits in deserts are composed of two fractional components — gravel and
fine earth. Gravel, as related to dust, is treated briefly in part D of the report. Fine earth —
sand, silt and clay — are of a major concern as the theme of this project, Texture — size
distribution and composition — i¢ described and analysed in chapter C.1. Textural feature of
non-saline components, compesed mainly of quarts, feldspars, calcite, dolomite and clays are
presented and discussed. Some of these [eatures are utilised and compared in the following
chapters. The mineral composition is deacribed and interpreted in chapter C.2.

Desert soils and deposits usually contain significant quantities of salts inciuding chlorides,
sulfates (mostly gypsum) or carbonates. These salts appear in the soil as dust-sised particles
or aggregates, that also affect the eonnistency of the soil. Chapter C.3 deals with salts, their
composition and distribution.

Most desert soils and some desert deposits are veneered by a distinct layer or crust, usually
of greater consistency than underlying layers or herisons. Although the mechanical charac-
teristics of these surficial covers has not been studied undsr the scope of the present report,
some features that may be pertinent to the ease of dust release are described in chapter C.4:
ground cover — types and occurrence.

3. Gravel in Desert Soils and Deposiis.

Gravel constitutes a major component in many desert terrains. It is both a primary debris
produced by weathering on hillslopes and plateaus, and a frequent fraction in fluvial deposits.
Gravel serves as a major trap for settling airborne dust. Both gravel and dust combine to form
a variety of dust-rich gravelly soils. Some comments on the relationships of gravel, dust and
salts are presented in part D,

4. A summary and Discussion of dust in desert terrains is presented in part E. It in-
cludes the main issues presented in the former chapters, together with a general interpretation
of the evolution of dust mantles in deseris. The broad quantitative trends are emphasised in
part E: The rates of dust and salt accretion, the evolution of desert soils, the effects of chang-
ing climates and paleusols and 8 comparison between dust related properties in the terrains of
the Negev and Sinai.

5. References.

Part F contains the references used in this report. Special attention should be given to the
sources of information and soil data supplied by the articles and monographs on israeli soils.
Data concerning loessial soils, serosem s0ils and sandy soils were drawn from these sources.

All
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8. Appendices.

Part G serves as a source of information and lays a foundation for psrta B - E. Part G
Includes the appendices. Field and Iaboratory methods are described, and soil dats and profiles
are presented. A glossary serves for definition of the technical torms used in the report. The
reader is encouraged to become acquainted with the sppendices before using the report.

This report is accompanied by a procedure for the evaluation of dust potential in
desert terralns. The methodology for dust evaluation is explained in the procedure, whereas
the data on which it is based, their analysis and interpretation are presented in the report.
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PART B ATMOSPHERIC DUST IN (AND FROM) DESERTS —
A REVIEW

B.1 INTRODUCTION

Dust in the atmosphere is an important factor of a global scale. Its effects are far reaching;
several are mentioned here:

1. Climatic effects: a partial screen for incoming and out going radiation and a nuclea-
tion agent for raindrop formation. Climatic changes may have been caused by dust in the atmo-
sphere.

2. Dust is an important blo-ecological factor. Its existence and concentration may
determine or effect the survival of certain faunal and floral apecies.

3. Dust is a2 major sedimentary component. It is one of the main contributors to both
marine and continental deposits,

4. The effects of dust on human ecology may be profound. Its existence in the sir deter-
mines visibility, effects the respiratory system, the eyes and the skin. The operation of various
machines and instruments may be effected by dust of high concetration.

Deserts, where there is in many cases no protective cover such as vegetation or gravel, are
especiaily prone to have a dusty atmosphere. Most of the mineral dust in the atmosphere is
dezived from deserts and carried all over the continents and the oceans by the global atmos-
pheric circulation. The major dust contributor is the Sahara Desert; it yields beetwen a third
and a half of the global desert dust.

The Middle East, containing a vast desert area and being close to the Sahara Desert and
downwind of it, is signifcantly affected by desert dust. The following chapters emphasise ex-
amples from studies un the Sahars and the Middle East. Since much of the material and the
interpretation in the present report are related to desert terrains in Israel and the Sinai, we
present in Part I3 data on desert atmospheric duat in this area.

B.2 THE SOURCES OF DUST
There are two groups of sources to the atmospheric dust in deserts:

1. Primary sources: weathering products, volcanic ash, particles from biogenic origins,
marine aerosols, cosmic dust and aerosols produced by man.

2. Becondary sources: Colluvial and alluvial deposita, desert soils. eolian sediments —
sand and loess, lake and plays sediments.

All these sources combine to form a large reservoir of dust in deserts. Eepecially im-
portant are the secondary sources of alluvial sediments, soils and sediments of playas and
dried lakes. Outcrops of shales, maris, chalks and sandstones contribute large amounts of dust
upon weathering; such are vast areas in the northern Sahars, the southern Levant and the
northern Arabian Desert.

Vast areas of weathered rocks, various surficial deposita and desert soils yield fine earth
particies — sand and dust. Along the desert fringe, in moderately arid to semi-arid environ-
ments, there is a combination of the effect of man — grasing and often cultivation — and
drought, to form a dust producing sone (fig.B.2.1). Man’s activity in such a sensitive environ-
ment often and repeatedly leads to erosion, deflation and desertification.
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Figure B.2.1  Erosion and dust mobilisation fol-
lowing overgrasing (or aridisa-
tion). From Lundholm (1979).

The Sahara is a major source of desert dust. Several 108 tona of dust are lifted into the
atmosphere and are transported towards the Atlantic Ocean and the eastern Mediterranean
tegion. Ganor and Mamane (1981) quote large amounts of dust leaving the Sahara towards the
west (70-10° tons/yr) and the northeast (some 20109 tons /yr). Jaenicke (1979) estimates about
26010°% tons/yr transported and deposited in the Atlantic Ocean, Figure B.2.2 illustrates some
of these trends. Yaalon and Ganor (1979) have traced regional dust atorms moving from Libya
and Egypt to the southesstern Mediterranean and the Levant, as presented in figure B.2.3.
Some of these storms are derived as cyclones from the western Mediterranean basin and their
trajectories are deflected eastward and northeastward over the Western Desert. Other trajec-
tories are those of the Sudano-Saharian depressions which cross the Sahara from south to
north and are deflected to the esst (Dubief, 1979; fig.B.2.4).
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Figure B.2.2 A schematic diagram of the vestward und east-
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Figure B.2.3 Particle trajectories for seiected regional dust
storms showing the calculeted east Mediter-
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Figure B.2.4 Trajectories of Sudano-Saharian depressions and limits of

the polar front and monsoon rains (Dubief, 1979).

Other prominent source areas oi atmospheric dust are the Arabian Desert, the deserts of
south central Asiz, the Australian deserts, the Kalahari and the Namib Deserts and the
deserts of western South and North America — Atacama, Sonora , Mojave and the Great
Basin.

B.3 METEOROLOGICAL AND SYNOPTIC CONDITIONS

There are several main meteorological conditions for the raising of dust and the develop-
ment of dust storms (Jackson et 21.,1973; see also chapter B.6):

1. Strong heating of the ground.

2. Development of local and 1arge scale convections and ascending trajectories.

3. Conditions producing cyclonic storma, related to strong upper-level jet streams. "Major
dust storms are produced when the upper-level jet and the strong surface heating interact”
(Jackson at al., 1973,p.139).

4. Increasing horisontal pressure gradients, which may lead to wind speeds of 30-35 knots
or more with gusts of wind, related to local circulation.

All these bring about ascending currents and horisontal winds that mobilise and transport
dust on local and regional scales. Dust may be lifted to elevations of several km and tran-
sported to distances of thousands of km from its source area (chapter B.6).

Many typical storms incorporate descent and heating of the air, which may lead to ex-
treme drying of the ground, enhances surface temperature, increase evaporation from the sur-
face, cause destabilization of the near-by atmoaphere and further another major cyclonic
development (Jackson at al,,1873).

An illustration of the synoptic situation during a typical dust storm is presented in figure
B.3.1. Most of the dust storms in the Negev are associated with a passage of a frontal system
from west to northeast. A depression along the Red Sea leads to the mobilisatior and tran-
sport of dust from the south and the east (Kataenelson,1970; Ganor & Yaalon,1979). A dusty
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atmosphere is often accompanied by a cold weather — a result of intrusion of cold air from the
mid-latitudes to tropical arens across the Mediterranean baain (Kalu,1979).
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Figare B.3.1  Aereal extent of the march 21, 1979, dust atorm,
as traced from satellite photos, superimposed
over the synoptic map (Yaalon &Ganor,1979).

Dubief (1979) enumerates the cyclones with which Saharan dust storms are associated, ac-
cording to their origin:

1. Cyclones from the Mediterranean basin, along the northern coast of Africa.

2. Atlantic cyclones, associated with the polar front, that enter the Sahara through Moro-
co.

3. Subsidiary cyclones from southern Moroco which move through Libya and the eastern
Mediterranean.

4. Tropical cyclones, moving along the Intez-Tropical Front in the Sudsn region. Turbulent
winds, which raise dust to high altitudes are related to the ateep rise of the temperature, and
are associated with the warm sector of the cyclones. Such winds in the soathern Sahara
develop also in the cold sectors; the turbulence here is enhanzed by the orography, as is the case
of the Tibesti Mountains. The hot winds intensify from the morning into the afternoon; the
turbulence is of a thermal origin.

B.4 MOBILIZATION AND TRANSPORT OF DUST AND SOME WIND
CHARACTERISTICS

Moblilisation of Dust by Wind

The detachment of dust from s sutface is determined by three sets of factors:
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1. The conditions at the surface — soil factors: roughness, texture and cohesion. Particle
site and the content of fine dust, salts and water are controlling factors (Gillette,1981).

2.The topography and microtopography, such as relief, slope, aspect and vegetation, are fac-
tors which intimately interact with the wind and affects ite aerodynamic characteristics at and
near the ground.

3. The serodynamic characteristics, such as wind speed and duration,tractive force or drag
velocity, thermal features (efecting vertical Bow components) and turbulence. Moisture in the
air should also be considered, since it affects water absorption and settling of dust.

The relationships between these factors control the mobilisation of dust. For example,
high critical velocities are required to mobilise particles larger than 0.2mm, due to their
weight, but also for particles amaller than 0.08mm, because of their greater degree of cohe-
sion (figs. B.4.1-2; Chepil, 1951; Gillette, 1981). It should also be noted that high wind veloci-
ties lead to mobilisation of unsorted materials whereas windas of relatively low velocity mobil-
ise and transport a better sorted dust.

Generally, the greater the intensity or velocity of the wind, the larger is its power and
force to mobiiize and transport particulate material — sand and dust. Soil factors, such as
aurficial roughncss, partiale sise and cohesion pose resistance to wind deflation and have to be
considered in every case (Gillette, 1981). Wind velocities greater than 8 m/sec are usually re-
quired for the development of dust storms {Jackson et al., 1973; Péwé, 1981). However, surface
conditions may render this threshold moat variable (Shikula, 1981). Dust storms in the Negev
are usually associated with wind velocities of 6-10 m/sec (Katsenelaon, 1970). Only 12% of
the winds 10easured in this region have velocities of more than 8 m/sec and barely 1% —
velocities exceeding 10 m/sec (Yaalon and Ginsbourg, 196€).

Transport of Dust

Tracing the movement atmospheric dust is performed by employing various methods:
space and aerial imagery, interpretation of synoptic maps, redioactive, isotopic and biogenic
tracers, chemical and mineral components. It is still very difficult to calculate the amounts of
transported dust even for dust storms whose courses are well recorded (see chapter B.8).
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Figure B4l  Sedimentation velocity and size of particles (Giilette, 198]; partly after Bagnold,
1941}

Be




E
=
3
=

Figure B.4.2

-

](-n'!)-‘O’

100 AmShaans
- 90 ¢
ot h
O 80
8 '
1
g5 mon ,
g3 eof
@ E
er o}
L
g ? a0t
&
w soF
a
X
£ 2t \
ol —_— )
ool o1 0 10
EQUIVALENT DIAMETER
OF ERODIBLE UNITS(mm)
(Squore Root Scale)
Threshold friction velocity versus nondisperse particle size (from Gillette, 1981;
after Chepil, 1951).
6
S
4 ‘.([_—U_._—
3
Dust onvil
2
1
west Tt G ¢’ 8 a €ost E
Herizordal [isionce f
Figure B.4.3 Propagation of dusty atmosphere 2 A

A~ Onset of clearance at station A

B-  Station under dusty atmosphere

¢ Dust front st reaching station €

N1 Good visibility at night wath a chance for

E ' detenoration by mid-morning owing to turbulent mixing

(Kalu, 1979).

4
(7]

B7

W pr % ’I\Wl«u" R R
-




Dust storms In Israel are related to two main wind directions, according to particular
synoptic conditions:

1. Dust storms associated with winds blowing from the west, southwest and northwest,
accompanying cold fronts of cyclones moving from the west. Such a situation is frequent dur-
ing the winter. The winds are ‘ntense and the dust is raised and transported on hoth local and
regional scale (Katsenelson, 1970). An expression of the predominance of winds from the wes-
terly sector is found in the direction of seif dunes in the Sinai and the Negev {Rosenan, 1853).

2. Dust from the Arabian Desert, carried by winds blowing from the southeast, east and
northeast. Such a situation is frequent during the spring, the autumn and the winter; it is
associated with the existence of a low pressure trough along the Red Sea, with an extension
into the Gulf of Elat and the Negev, or a depression over North Africa, leading to pronounced
easterly winds from the Arabian Desert into the Levant.

The rates of dust mobilisation and transport varies greatly. For example, there was
a distinct difference between the dust input of the Sahara during the period 1958-63 and that of
1969-71; the former was a wet period whereas the latter a drought one (Morales, 1979). In
terms of continuity, there is a special difference: there is a continous transport of fine dust
from the Sahara westward; the transport to the northeast is rather intermitent (Morales, 1979;
Schiits et al, 1981).

Several phases may illustrate the mobllisatlon — transport processe (Kalu, 1979; fig,
B.4.3):

1. The mobilisation phase ie usually related to a condition of atmospheric instability (see
chapter B.3). This initial phase is associated with vertical drafts in the source area; it may be
termed the instantaneous phase .

2. The transport phase begins mainly as the vertical turbulance brings the dust to layers
of fast wind motion - the spreading phase. Only fine dust reaches this level; coarser particles
have settled in the previous phase.

3. An equilibrium phase is the most stable. The tranuport is under the influence of the
prevailing winds. It occurs at distances of tens to hundreds of km downwind.
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B.6 DUST STORMS - FREQUENCY AND DURATION

The frequency of dust storms varies from one region to another. The number of dust
storms in Egypt and southern Israel is simjlar — 10 storms/yr, on the average {Yaalon &
Ginsbourg, 1966; Yaalon & Ganor, 1979). West Africa experiences an average of 20 dust
storms/yr and some regions in China — 30 dust storms/yr. Mexico City has some 60 dust
storms/yr, on the average (Péwé, 1981).

Dust storms usually continue from 1 hour to several days. Many local storms which
develop during a particular day are sustained by local convectional winds for 1-3 days. The
aerorols may remain in the atmosphere for 5-30 dsys {Jackson et al., 1973].

There in a marked seasonality in the frequency of dust storms. In the Beler Sheva area
(northern Negev) there is a high frequency of dust storms during the spring (March-April), a
medium to low frequency during the winter (December-January) and practically no storms
during the height of summer (July-August; Katsenelson, 1970).

The number of dusty” days may change drastically along a transect {rom the desert into
the more humid region. Figure B.5.1 illustrates this point: 40-150 *dusty*dsys in the Negev and
the Sinai and l¢ss than 10 such daye in northern Israel.
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Figure B5.1  The frequency of days of dust storms from the Sinai and the Negev to northern Isra-
el. Annual average — 1967/68 — 1970/71 (modified from Ganor & Yaalon, 1979).

B10



B.6 THE DISTRIBUTION OF DUST WITH ALTITUDE AND
DISTANCE FROM THE SOURCE AREA

The distribution of dust in the atmosaphere is usually very uneven, both spatially and tem-
porally. It is dependent on factors such as synoptic conditions, elevation above the ground, dis-
tance from the source area, For example, dust atorms that develop in the eastern Mediterrane-
an region during the passage of a cold front have a rather high concenration of dust, which
decreases rapidly after the passage of the front (Ganor & Mamane, 1981).

Several typical situations of dust distribution were characterised by Ganor & Yaalon
(1979):

1. Dust is carried in an unstable atmosphere. A good dispersion of dust to heights «f
-4000m. As the atmosphere stabilises and the turbulence subsides, dust settles in a dey state.

2. Dust is carries in an unstable atmosphere and stays in the air for several days. The
pottion that does not settle is well dispersed in the air to heights of several 103m and is carried
from the Sahara to the northeast with unstable air musses.

3. Dust is carried in an unstable atmosphere. In the south — dust storms; in the north —
piecipitation. Dust is dispersed in the air to heights of 2000m and is washed down by rain in
the later region.

4. Stable air at high elevation limits the upward dispersion of dust to the top of the cloud
layer. Dust is wrshed down by precipitation.

Dust may be barred from upward dispersion by a stable layer at a certain elevation above
the ground. Most of the dust is highly concentrated in low layers of the atmosphere. Such a

condition is frequently obsezved in Israel. The dust concentration is usually 2000-4000pm/m*
near the ground and <500ug/m3 at elevation of 1,500m. At higher elevations, above the mixing

gone, the concentration is very low —.10ug/m3 (Ganor & Mamane, 1981).

Examination of the concentration of dust with both elevation above the ground and the dis-
tance from the western Saharan source area yields the following general scheme (fig. B.8.1; Schiits et
al, 1981):

1. Approximately two-thirds of the total mass falls within the first 1,000 km.

2. High concentration of both submicron and larger particles are typical to elevations of 1-4
km above the ground, close Lo source area. At distances 2300 km from the coast much of the dust is
of asybsnicron sise. It io concentrated moatly st heights of 1-5 km above the Atlantic Ocean and its
vertical distribution remains unchanged for distances of several 103 km.

3. The general distribution of dust (both submicron ard >0.001 mm in sise) is neatly even
throughout much of the atmosphere {to altitudes of 5 km), at distances >1000 km from the west
Saharan source area.

The general pattern, then, is that for long distances (800-1000 km) there is a high concentration
of dust in the sone of the greater wind velocity (the 900 mb sone; Kalu, 1979). Only at greater
distances, after much of the coarse particles have settled, there is a rather even concentration of dust
withaltitude
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Figure B.8.1  Vertical distribution of mineral dust with altitude and distance
from the Saharan dust source, across the Atlantic Ocean (Schiits
ot la., 1081).

B.7 BOME RELATIONS OF ATMOSPHERIC DUST TO CLIMATE

The amounta and pariicle sise composition of dust are related to climate in several ways. Some
pertinent factors are:

1. The mode and degree of weatharing and the nature of the weathering products.

2. The mode and rate of removal, transport, sorting and deposition of debris.

3. The soil forming processes and the nature of the soil.

4. The water budget and the type of vegetation.

5. The nature of the atmospheric conditions - temperature, air humidity, wind, precipitation.

In regions of subhumid and bumid climates there is an extensive formation of dust-sised ma-
N terials by weathering and soil {orming processes. However, three factors render most of this dust
unavaijlable to deflation and transport by winde: the vegetation, the high content of fine silt and
clay and the moisture — both in the ground and in the air. Surficial dust in non-arid regions is
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protected and cohesive. Most of the atmospheric dust is derived from the arid terrains. On the other
hand, the non-arid environments serve as the best surficial traps for settling dust.

Generally, there is a decrease in the frequency and duration of dust storms from the arid sone
into the subhumid and humid regions (see also chapter B.5). The main reason for this situation is the
desert being a region of exposed dust whereas in the more humid regions there is hardly a possibility
of a local dust storm. Also, most (and in some cases — all) the dust that originates in the deserts
settles near the source area or along the desert fringe. Rather low amounts of dust reach the humid
regions, but as stated above — the dust is trapped there for long periods of time.

Figure B.7.1 illustrates the variation in che amounts of dustfall in the Sinai and Israel (Ganor,
1975). Dystfall in the Sinai and the Negev is 2--3 times greater than in northern Israel. Particle sise
also decreases from sovth (Gesert) to north (subhumid) in this region. The content of fine silt and
clay in the atmospheric dust increases from south to north: In Beer Sheva (-200 mm/yr of mean
annual precipitation) there is 10-30% clay in the settling dust, whereas in Jeruszlem and Haifa
{500-800mm/yr) there is a clay content of 30-50% and 45-70%%, respectively (Yaalon & Ginsbourg,
1966). Figure B.7.2 illustrates these finds. This trend is found also in the soils of the respective re-
gions.

The effects of climatie change on the amounts of atmospheric dust are considered to be
profound. During the glacial periods of the Pleistocene there was a large supply of dust from glacial
regions and a high rate of loess deposition around the glaciated areas. This atmospheric dust, rein-
forced by occasional emission of vclcanic ash, may have led to further cooling of the atmosphere,
air subsidence in the subtropics and aridisation in this later region (Bryson & Baerreis, 1967;
Jackson et al., 1973). lsdo (1981), however, emphasises the possibility of heating of the atmosphere due
to the "thermal blanketing® by airborne dust. The production of dust from glacial, volcanic and
desert sources may have been up to 102 times greater during extended periods of the Quaternary
than at present (Jackson et al, 1973).

Some of the sequences of buried loessial palevsols in areas like the northern Negev (Bruins,
1976) may reflect changes in the rates of incoming and settling dust rather than "loca!™ climatic
changes. In such a situation, variation in the characteristics of these paleosols — the content of
secondary carbonate and clay — reflects climatic fluctuations in the major source areas, such as the
Sahara.
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Figure B.7.2 Grain-size distribution of dust samples from lIsracl. Curves are for samples collected in
Yeroham and Jerusalem during storms of Navember 1958. Additional data from Mishmar Hanegev,
Jerusalem and Rchovot are marked by symbols and taken from published accounts (Ravikoviten,
1953; KApLAN, 1959 S1aTKINE, 1960). From Yaalon & Ginbourg (1966).

B8 .AMOUNTS AND CONCENTRATIONS OF DUST IN THE ATMOSPHERE
(see also chapier B.8).

The concentration of dust in the atmosphere varies greatly with time and rpace. In arid
regions one may find very high concentration — from 23,000ug/m3 in a dust storm in the Negev
(Ganor & Yaalon, 1979) to extreme concentrations of 178,000u/m3 elsewhere (Orgill and Sehmel,
1978). Concentrations over the oceans are much lower — from a fraction of & up/m3 over a quiet )
ocean to 100ug/m3 over a stormy one (Péwé, 1981). The average figures are usually rather low even
for areas where the terrains are dust-rich and the availability of dust is high: 1. 10-140ug/m? in the
Great Plains (Prospero, 1982); 2. 100-300ug/m® in Beer Sheva or 130-5600ug/m? in Elat (Ganor,

1976). <10ug/m? is frequently measured during bright days and 1000ug/m3 — during hasy days.
Figure B.8.1 illustrates the average dust concentrations on a broad regional scale.
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(Junge, 1979).

The quantities of dust contributed snnually to the atmosphere is estimated to be about
50010 © tons/yr. Between 1/2 and 2/3 of this amount is raised from the Sshara Desert — about
260.10° tons/yr from the western Sshara (Schiits ct al., 1981) and some 7010° tons/yr from the
eastern Sahara (Ganor & Mamane, 1981; fig. B.2.2). It is possible that 150-20010° tons/yr of net
weight leave the Sahara; most of it is carried westward and appreciable amounts are transported to
the northeast and the north. Most of the dust which leaves the Sahara is deposited in the Grst 102
km (Schiits et al,, 1981); most of the sediments in the eastern Atlantic Ocean off the Saharan coast
and the soils northeast of the Sahars are derived from this dust fallout. A single dust storm may
bring to the eastern Mediterranean basin more than 108 tons of dust. Frequent dust storms in the
Negev may deposit 2-10g/m? per storm; 50-10g/m? of dust may be added to the ground during a
majot storm. Most of the dust in this region settles in the winter-spring — February-May. (see
chapter E.2 for additional data).

B.8 PARTICLE SIZE DISTRIBUTION

The particle sise distribution of atmoapheric dua: is determined by four major factors: The size
distribution of the masterial available on the ground for the mobilisation and transport by the
winds; the characteristica of the mobilising and carrying wind — its tractive force, velocity profile,
direction and turbulance; the distance from the source area; the climatic regime along the course of
the dust motion — temperature, air humidity, precipitation of various kinds.
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Sorting and diferentiation of eolian sediments and airborne mineral particles are active along
the entire route. Figures B.9.1 and B.0.2 demostrate the decrease in particale sise of wind blown
materials from the Saharan source area to the Atlantic Ocean: sand ficlds (ergs); sandstorms car
ring sand and ailt; loam and silt-loam transported as loess; silt and clay carried as atmospheric
dust to great distances. Figures B.7.2 and B.9.3 shows further differentiation as the dust movea from

an arid sone into a subhumid one.

Rodws (mm)
0? 102 0" o’
4 -
3
O sora
. Erg Ubor:
0 e
@ Aerosol \
- quring \
? sondstorm \
s Ery Ubors ~
~ [
g Avergge
§' @ distribution
b for loess
)
]
4+ Saharo dust
3 Cape Verde
2 @ Isiancs
e |
ol e N

1° oy «f 0
Portcle Rodws (am)

Figure B0l Comparison of dilferent idealized mass
distributions based on the following sources:

(1) Schutz 4nd Jacnicke (1974), sand from the
Libyan desert, Erg Ubari

(2} Same source and location as (1)} bul aerosol
during sand storm

(3) Fuchtbauer and Mulier (1970), average of 8 lovss
distributions from vanous continents

(4) Jaenicke and Schite (1977), average mass distribu-
tion over the Cape Verde Islands

{Junge, 1979).
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From Yaalon & Ganor (1879).

Frequently, the dust in the atmosphere over deserts and adjacent areas is composed mainly
of coarse and medium sised silt. Several examples will illustrate this point:

1. Ganor (1875) summerised the particle sise characteristics of settling atmospheric dust in
regional dust storme ir Israzl: (a) Fine sand — 2-7%; coarse and medium sived silt —
20-45%; Boe silt — 5-10%; clay — 14-20%. (b) There is a trend of the finer dust to be carried
farther north. Figure B.9.1 illustrates this tendency for a particular storm.(c) Suspended dust
is generally smaller in grain sise than settling dust. The former includes a very high coatent
of fine silt and clay. This dust was collected at high elevation above the ground and during
bright days. More than 80% is smaller than 0.002 mm in sise. The maximal sises measured
were 0.015-0.020 mm.

2. Dust samples collected in Arisona are composed mostly of silt (-80%) with secondary
fine sand and elay, -10% each (Péwé,1981). In Egure B.9.4 we can see that dust samples in other
regions, such as Kansas and Germany are similar in sise but may contain less clay. Dust sam-
ples from Barbados, West Indies, are much finer — they are composed mostly of very fine silt
and clay (see also chapter B.6).
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1n1e MiNERAL COMPOSITION AND MICROMORPHOLOGY

The minerological composition of atmospheric dust is determined by various factors, such as
the jithoingy in the source areas, the differential sise and density of the available particles and the
clieweterl {izs of the atmospheric circulation and winds. Most of the desert dust in the atmosphere
i derivid from weathered surficial deposits and aridic soils. Much of the dust has been recycled

ninny tites se that its relationship to a particular source is somewhat obscured.

A »mphasised in chapter B.9, much of the dust in deserts is silt with lesser amounts of clay. In
tie »as ~in Mediterranean scgion, where mest of the dust is derived from the Sahara, the silt is
11y s ¢ predominantly of calcite (35-45%), quarts (30-40%), dolomite (10-20%) and feldspar
i+ i07) Soluble minerals, such as salts and gypsum compose less than 1%5. The clays are predom-
inanity a.antmorillonite (30-40%), with secondary kaolinite (15-30%) and illite (15-30%). Figures
1310.1 aud B.10.2 present the composition of dust samples collected in [srael (Ganor & Mamane,
11 i) “h. average content of the dust in srael is: calcite and dolomite — 45%, quarts — 30%,
feil-pac and other silicate minerals — 7%, halite and gypsum — <1%, montmorillonite — <6%,
Ka-dinite —- 3-8%, illite — 3-6%.

™1

Thi sbuve composition reflects the predominant contribution of dust from Cretateous and Terti-
ar: cmivonat. rocks and sandstones of Paleosoic and early Cretaceous ages, as well as the surficial
Jop sitiderived from them — all in the northern Sahara and the deserts of the Middle East. The
centribution from outcrops of igneous rocks is rather limited.

1o the western Sahara one finds a slightly different composition: quarts is A major mineral in
tir si't fraction and illite — in the clay fraction. In southwestern United States there is usually a
pr-!amrinance of silicate minerals in the desert dust — quarts, feldspar, heavy minerals and clavs
- coniributed by the vast exposures of igneous and metamorphic silicate rocks and their weather-
i, prodicts. The contribution of primary carbonate minerals is usually insignificant.

‘I'l.: mieromorphology of the particles composing the silt fraction in the atmospheric dust
in the . vgev is as follows (Ganor, 1975):

1. Fine silt (<0.020 mm) shows good sphericity and roundness.

2. Larger silt particles are angular and less spherical.

3. Clay particles adhere to larger particies to form aggregates.

4. i'articles of quarts and feldspar are usually weathered and broken. The latter are also pitted.
Calcite particles are made of whole erystals, broken crystals and foraminifera {(usually well round-
ed). Dolomite crystals are well preserved. Dark and heavy minerals are usually weathered, subangn-
i+t 1o angular in form,
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PART C THE NON-GRAVELLY MATERIALS IN DESERT SOILS
AND DEPCSITS — SAND, SILT AND CLAY

C.1 TEXTURE — PARTICLE SIZE COMPOSITION AND DISTRIBUTION OF
SAND AND DUST

Introduectinon

Particle size distribution of non-gravelly materials in the debris mantle and soils in
deszrts is deterrained by several main factors:

1. The influence of rock type on site distribution of the weathered mantle at a given sitr.
Most rock types are hard and indurated and do not contribute to the sand and dust fractions in
large amounts at the site of weathering. Thus one dccs not find a large content of fine particles
derived from native limestone, dolomite, flint, granite, diorite and other types of indurated
brittle rocks at a given site of weathering. On the other hand, large quantities of fine grained
debris may be found on chalks, shales, mudstones and sandstones. Such debris may be tran-
sported by running water and wind to various sites of accumulation.

2. Particl size distribution of settling atmospheric Just. Such dust is of varying particie
size, according -o synoptic conditions, wind characteristics and sources of dust (see Part B). 1y
some cases, the contribution from sandy sources renders the average dust texture rather coarss
grained.

3. Selective trapping of dust fractionns, after the dust brought to a site by wind or running
water settles on the ground (see chapter E.2).

4. Differential mobility and translocation of uust fractions according to duat trap churac.
teristics, hydrologic regime and water or sail salinity. Such differential mobility and sccumu-
12 ion are typical of slow dust accumulation, where the trapped dust and accompanying salts
themaelves gradually change the characteriatics of the soil as a dust trap (see chapter E.2).

5. Climate, which determines to a high degree the course and rate of weathering of large
particles to small ones, or the translocation of fine dust from surficial snil hotrisone Into Jower
ones, Hence, under less arid cli..iates or an environmenta) regime where conarser sofl particles
weather down to fine silts and clays,one should expect fine grained dust in areas further away
from sources of sand, where eolian dust is dominant.

Dust Trapped In Archaeological Sites

Archaeoiogical sites may serve as good long-term dust collectorn, In the Negev there arr
many hundreds of archaeological structures of differenc ugea which vary in slee and praporiion.
Many of these structures were orziginally without roofs or thelr roofs had collapsed rather «ar-
Iy after their abandonment. Most of the structures were filled with trapped dust during the
first 1-2 millennia alter their abandonment (see chapter 1£.2).

Four archaeological sites were sampled for particle wite dintribution: Tel Arad In the
northwestern Negev, Be'er Reaissim in the western Negev, the Sha'ar Hamun Fort in the central
Negev and a building in Biqat Uvda in the soulthern Negev. The finest grained dust wae found
in Tel Arad, the site fu.thest from sourcen of sand and under the leasts arid climater Particle
site composition is 8ilt{60%%) > eand(21%5) > clay(1097). The average for all samples Is
8ilt(46%) > sand(30%) » clay(15%%). The finer fractions (silt + clay) are rather similar to thoee
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1 sevtiing atmospheric dust (Ganor, 1975) in which coarse silt (0.016-0.083mm) comprises
% of the silt + clay fractions. Fine sand (0.063-0.250r0m) is dominant within the sand
“raerin-g (687 on the average) and may reach 90%, as in the Uvda Valley or be 2s low as 50%, as

s i~ Sha'ar Ramon Fort.
‘.. ..inlSolis And Loessial Serosems

Lince inessial soils and loessial seroxems are derived primarilly from eolian and reworked
luveal loess, they are composed mostly (60-95%) of silt and clay, but particle size iz different in
v acicae soils. Well developed loess soils are composed of silty-clay and silty-clay-loam.
soly are formed in sites situated away from sources of eolian sand, under semi-arid to
=+ 1y arid climates. Young, less developed loess soils under the same environmental con-
"r"ous it usually silt-loam in nature (fig. C.1.1A). The loessial Serozem soils are sometimes
Gt iweae oad silty-clay-loam, &3 in the central Negev. Coarse sili is dominant in the silt frac-
tio and lay content is significnt in areas where bare rock is exposed above pockets of loessial
Jrrozan soils (Are, 1981). Usually, loessial soils turn into less clayey, more coarse grained
soile unc.r two sets of environmental conditions: {a) the close proximity of sources of sand, as
11 45« wei o rn Negev, and (b) prevalence of arid conditions, as in the central Negev.

The dominant fractiors in the loessial soils are fine sand, coarse silt and fine clay (fig.
C.1.1B). Fine ¢ilt and fine clay are prominent in the B horison of the loessial soils. In recent
loes:. soils, such as in the upper member of the Netivot section of Paleosols (Bruins, 1976) one
int, an average composition of silt (62%) > clay (28%) » sand (10%). The quantities of
soarse 8ilt and fine silt + clay in the dust fraction of soils are similar to those in settling
atmospheric dust (Ganor, 1975). Older, buried paleosols are often more clayey in nature with
tay {40-80%% <=> silt (40-50%) > sand (2-12%%).The textural composition appears to have
changed according to climatic cyclicity during the upper Quarternary (Bruins, 1976).

Takyr Aad Solonchak Soils

Playas - developed in the centrer of closed basins in arid environments — are character-
-z:d hy two types of soils: {a) Takyr — a fine textured soil of slight to moderate salinity; (b)
‘olorchak — a soil of high salinity and diversified texture (typical also to Sabkhas — coastal
‘alir= flats). the texture and salinity of the respective soils are associated with the hydrologi-
a2l 2nd sedimentological regimes of the sites in question: sorting and fining of sediment to-
»ard the center of playas and the position of the water table; a shallow water table leads to
Ligh alinity. Hence, there is 8 general tonation in particle sise and salinity from the margin
-+f playas towared their center (plate 3).

‘Takyr Soils

There is a difference in the textural coinposition of young Takyr soils and well-developed
anes (figures C.LIB; C.1.2d,e,f). The former are silt-loam whereas the latter are mostly silty-
s fay and silty-clay-loam. On the average, A horisons are of the silt (4895) > clay (419%) 3> sand
{13%%) type. B horizons are of the clay (58%) > silt (412%) > sand (21%) type, and C horizons
cre of the silt (55%2) > clay (33%) > sand (18%) type. The sand is usu-ally fine sand. There is
1150 a textural trend in the silty fractions of the different horiz~ns: the A horizon — fine silt
{2795) > coarse silt (19%); the B horison — fine silt (33%) > coarse silt (9%); the C horison -
coaree silt (39%) > fine silt (18%). The clay is mostly fine clay; it is mostly prominent in B
Worizon (48% fine clay; 12% coarse clay).
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Figure C.1.], Continued C. Textural definitions of soils.
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There are some textura! diferences between Takyr soils in playa center and those located
st playa margins; the material becoraes finer as one approaches the center of the playa (fig.
C.1.3A).

Takyr soils, then, are fait)y similar in particle sise to loessial soils, both in texture and in
horisonation. This is understandable since the parent material is dust and the fine fractions
are concentrated in the center of a playa; this leads to a continuous accumulation of silts and
clays in a temporarily wet environment. Examination of fig. C.1.1B shows the similarity of
Takyr soils (2,3) to settling atmospheric dust (1). Well developed Takyr soils are of a clay-loam
texture — characteristic of average atmospheric dust in deserts.

Solonchak Solls

Solonchak #oils are very saline. We deal here only with both non-gravelly and non-saline
particulate materials in these soils.

The texture of Solonchak soils is highly dependent on their location within a playa or a
sabkha, and on the differentiation of the incoming fluviatile load across the playa sones. For
example, most of the Solorchak soils in the southern Arava Valley and along the Gulf of Elat
are composed of sands, loamy-sands and sandy-loams. Sand is a substantial component of
these soils which are composed of 30-70% sand, 10-20% silt and 1-10% clay (figures C.1.3B;
C.1.2g-1). However, at the center of many playss one finds soils of finer texture; for example
silty and sandy clays at the center of the Yotvata Playa in the southern Arava Valley (Amicl
and Friedman, 1971) or silty-clay-loam Solonchaks of the Sedom Sabkha, south of the Dead Sea
(Dan, 1981). Only the textures of the soils at the center of the playss may be predicted, having
a predominance of silt and clay (as in Takyr soils): silt (50-60%%) > clay (20-45%) > sand
(1-24%) in the Sedom Sabkha.

Usually the upper horisons are of coarser texture than the lower ones. The profile is more
of an accumulating nature than that of a soil divided into clear genetic horisons.

Recent Alluvium And Colluvium

Recent alluvium is most diversified with respect to particle sise distribution. It may in-
clude gravel, sand and finer fractions in various proportions (see part D). Only under a few
environmental conditions may we expect clear trends such as exhibited by loessial, sandy (in-
cluding friable sandstone) and shaly terrains, where the particle sise of the parent material
highly affects the size distribution of the resulting debris.

In gravelly alluvial channels which drain terrains built of hard brittle rocks that do not
weather to fine fractions, we £nd varying amounts of sand and silt with a very small com-
ponent of clay. These fractions usually do not amount to more than 20% of the surficial alluvi-
um and in most cases their content ranges between 1 and 10%,

The non-gravelly fractions in coarse desert alluvium are usually sandy-loam in nature:
sand (80-909%) % allt (10-15%%) > clay (1-5%). At the surface (0-10 cm in depth) there is a
higher concentration of fine fractions than at depth. An example is the alluvial channel of
Wadi Mandara (eastern Sinai). At 0-10cra depth the sediment consiats of 87% sand, 119 silt
and 2% clay. At 10-60 cm depth there is 98%; sand, 4% silt and only traces of clay.
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CUMULATIVE PERCENT, BY WEIGHT
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Figure C.1.2, Continued
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Often there are patches of higher silt concentration at the surface. In Makhtesh Ramon
(central Negev) we have observed a 0.1 cm thick crust having 78% sand, 22% silt and 2% clay.
deeper — 0.1-37.5 cmm — the ron-gravelly alluvium is composed of 95% sand, 5% eilt and only
traces of clay.

The difference in grain sise between the surface and depth in the non-gravelly components
is attributed to the effects of additional silt and some clay deposition during the latest stages
of flood flows as well as of flows of low discharge and power, which transport only the finer
fractions. The surficial layer, usually several tens of cm thick, is frequently affected by scour
and fill processes (which occur under relatively high discharge and stream power) and conse-
quently does not contain high amounts of fine fractions. In other cases there is a surficial depo-
sition of fine material during ebbing flows and the uppermost few cm are enriched with silt and
some clay. A very high variability with respect to dust content and particle sise distribution is
characteristic to recent alluvium.

The colluvial mantle is generally of a cumulative nature. It is subjected to some weather-
ing at its lower horisons, as well as accumulating wind blown and washed-in dust. The result-
ing profiles are usually Regosols, Lithosols, Reg 80ils, Serosem soils, as described elsewhere in
this chapter.

Reg Soils

Reg 80ils are silt-loam gravelly soils. They develop on slluvial surfaces usually composed
of medium to coarse gravel. The gravel serves as a trap for settling atmospheric dust and salts
which penetrate into the surficial deposits and turn them into soils with diagnostic horisons.
Usually it is possible to differentiate between young Reg soils (on Holocene ailuvial surfaces)
and older Reg soils (on Pleistocene alluvial surfaces) by surficial meso and micro-morphology
as well as textural composition.

Reg Solls On Holoeene Alluvial S8urfaces

Holocene Reg soils, being young, reflect the composition of the alluvial parent material in
most of their horisones. Only the A horison ia closer in composition to setiling atmospheric
dust, since it is the upper soil horison through which trapped dust is being transferred down-
ward.

Examination of the non-gravelly fractions yields the following average trends {figures
C.1.2n,0,p; C.1.4; C.1.5A,B):

1. A, horison is silt-loam: Silt (49%) > sand (41%) » clay (10%), reflecting the input of
settling atmoshperic duat.

2. B horiton is loam-silt-loam: silt (46%) > sand (4193) 2> clay (13%).

3. C horison is usvally sandy loam: Sand (62%) > Silt (34%) > clay (5%). The non-
gravelly fractions of the parent alluvium are highly reflected.

4. Most of the non-gravelly fractions are relstively coarse grained, consisting of 70-90%
sand and coarse silt (>>0.018 mm). The silt and cley fractions in the A and B horisons are
similar in composition to settling atmospheric dust with -50%% coarse silt. The influence of
parent material on the C horison is apparent even in the silt and clay fractions because coarse
#ilt comprises some 85-70% of the fines. This shows that the penetration of fine silt and clay
has not been very effective.
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Figure C.1.4. Texture of Holocene Reg soils on the Nahal Ze'elim alluvial terraces. No. 1 - an

early Holecene terrace; no. 15 - present-day stream channel.
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Figun C.1.5. Distribution of various sise fractions with soil depth in the sequence of Holocene
Reg soils on the alluvial terraces of Nahal Zeelim. No. 1 - an early Holocene ter-
race; no, 15 — present-day stream channel. A — Coarse and fine silt. B — Coarse

and fine clay,
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5. In the A and B horisons there is a higher content of ciay than In the C horls.n. The
svils contain 10-15% in the jormer and less than % in the latter. Thus only & amall amount
of clay is added to the parent material in the C horison, which, in most cases, originally con
tains lees than 29 in its non-gravelly fraction.

Reg Solls On Pleistocene Alluvial Surfaces

Many Pleistocene Reg soils are gencrally not significantly different from well developed
Holocene Reg aoils In particle sise distribution of the nor-gravelly fraction. Only very uld
80ils or those developed in non-sandy anvitonmentu differ in this respect. Two major pcints are
worthy of emphasis:

1. The soil profile, as well as ite discrete horisons, s thicker (fig. C.1.7).
2. There iz frequently a B horlson which e relatively gravel free (see part 1)

Several ganeralisations regarding the average particle sise distribution of the non-gravelly
fractions may be presanted (figures C.1.2).k,1):

1. The A horison is also fine In texture. Sand (40%5) > silt (35 -40%7) > clay (18%),

2. The I3 horison ls still finer in texture: silt (40%-80%) > Sand (30%) > clay (20%) It
cleatly roflects the fines sdded to the alluvial parent material by penetrating water.

3. The C h.rison is usually sandy-loam in texture: Sand (Sand (87%) > siit (33%2) > clay
(109%), reflacting the alluvial parent material,

4. In terraing where there are no adjscent sand bodies that tnay coptribute solian aand to s
giver. site, the averags texture of the soil as s whole [s losn to clay-loatnt Band (30 80%) .+ /-
silt (30-60%) 2> clay (11-28%). For example, on & high I'leletocens surface In the 'aran Val.
ley, the texture is: A aud I horlsons — Bill (60%) > sand (40%) 2 clay (10%); C hurison
sand (73%) 3- sllt + clay (27%).

5. In areas adjacent to sandy terrains (sand Brlds, ssudstone axposures) one often en.
counters sandy lleg solls: the average toxture fs sand (60 85%5) 3 wllt (5-10™) Kuch aulln are
abundant in the southerr Arava Valley, eastarn 5inal and Makhtash Ramnun,

6. Asin the Holocane Reg solls, the coarser fractions (> 0.0181nm) are dominunt. The aver
age content in the A horison (s 76%,in the B horison 70% and 2% In the C hotlyon, The 8nsr
fractions (< 0.018inm) coraprise only 18-30% of the non-gravclly meteiial,

7. One inds fine fractions similar In composltion Lo average settiing atisospharic duat in
the A horlscn whers coarse silt Is about B0% of the total slit and ¢lay content. In the IS and €
norisons of Pleistocene solls it s approximately 40%. wharess In Holocaue Neg snlle a B
content |9 more common.

Someo Conclusions

The texture of the non-gravelly fractions uf Qiaternary Hogaoll [ the Noger and Ninal b
generally loamy. Variations from this ganerallsation result froni sevaral cunditionm

1. Sand contribution fruin near-by sandy terraine auch as flund plajne, eroding alluvial tes
races, sand fields urd expousuras of asndstone. The reslulting tontues In auch cases o aandy
loam.

2. Differentiation within the soli profila dua to the fermation of gapetle sull hurisuney fus
example C horison s usually exndy-loain with low clay content, reBecting the textura of the
slluvial parent material. Tha A and H herlgons are cloae 1o taxture, with the Jstter balng
slightly higher In clny.
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3. Age. This factor is significant within a given Quaternary soil chronosequence, but may
be obscured vn a regional scale by conditions (1) and (2) above.

The trends in evolution of Reg soil texture with time are observed in soil chronosequences
on flights of alluvial surfaces. Young Holocene Reg soils (< 2000 years old) do not show clear
horizorzticn but there is a distinct decrease in the contents of silt and clay with depth even in

very young soils.

Textural differentiation is accentuated with time, as fine fractions accumulate in the upper
horizone, at depths of 0-5 cm (less frequently — 0-10 cm) with 25-45% silt and 10-20% clay in
the ? Lorienn. Usually there are two patterns of textural changes with depth (figures C.1.5A,1;
€.1.8; C.1.7):

1. An increase in the content of silt and clay from the A horison to the B horizon, and
then a decrease into the C horizon;

2. A decrease with depth having no clear pecak below the A horiton. Additionally, fine
sand (0.063--0.250 mm) changes in a manner similar to silt and clay rather than that of coarse

sand.
Pleistucene Reg soils show similar evolutionary trends with time. In areas not affected by

adjacent sandy terrains there are higher amounts of silt and clay in the soil profile and the
horizon of peak content (B) is deeper by about 10-25 cm.

The rates of addition of fines to the soil profile are rather high at the initial period of soil
evolution (2000-4000 years) but become lower with time (figures C.1.8,9). Examination of
Hulocene soil chronosequence in Nahal Ze'elim (Dead Sea) shows that during the later stages of
soil evolution there may be a very slow change in texture. It takes many thousands of years for
a Reg soil to show a distinct differentiation in texture between discrete soil horisons. Climat.:
certainly has a major role in the process. It appears that the relatively better developed soils on
the Pleistocene alluvial surfaces evolved under an arid to moderately arid climate. Many of

these soils are now under an extremely arid climatic regime.

The age determination of most Reg soils in the Negev and the Sinai is still in question,
since datable material is missing. Only a certain seperation of the Holocene from the Pleisto-
cene Reg soils is certain (Gerson and Amit, 1981; Gerson, 1981; 1982; Amit, 1982; McFadden,
1982; Bull, in preparation). Age differentiation based on relative indicators is still in progress
(Amit and Gerson, 1985).

The pclygenetic nature of most Reg soils on pre-Holocene alluvial surfaces still precludes a
sound time-frame that may be projected from one region to another.

There is a very high variability in the textural nature of Reg soils. Several reasons for thi:

situation are:

1. The variable nature of parent material between regions and alluvial surfaces.

2. The variation in amounts and composition of incoming dust, which is related to sources,
atmospheric conditions and climate.

3. Large local variation in parent material affecting hydrologic characteristics and dust

trap efficiency.
4. Surficial morphology, determining roughness, settling of dust, and surficial runoff,

makes the surface highly variable.

All these render many Reg soils of different ages very similar in texture, or conversely
soils of the same age, on the same alluvial surface, highly variable (fig. C.1.8).
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In addition there is no good correlation between the contents of silt and clay in Reg soils.
Several reasons may account for this situation:

1. Differential ratios in the parent material.

2. Varying proportions in the added atmospheric dust.

3. Differential movement of various fractions, a function of the hydrologic conditions
within the s0il, and changing environmental regimes with time and climatic fluctuations (sce
chapter E.1).

A general conclusion, then, is that only under a very narrow set of unchanging environ-
mental conditions or under the influence of one dominant factor may the textural composition
of the non-gravelly fractions be predicted. For example, in areas where sand contribution to
both the alluvial parent material and the atmospheric dust is relatively high, we can predict
the resulting soils to be of a sand-loam texture. In most other terrains thetsoih are highly

variable in texture.

Hammada Soils

Hammada soils are usually silt-loam (sometimes loam) gravelly soile, of the ABR, ACR
or ABCR type, formed on flat or gently sloping hard bedrock surfaces (figures C.1.1B, C.1.2q).
Occasionally they consist of soil pockets underlain and enclosed by bedrock blocks. When well
developed thes. soils may have a gravel-free B horison underlying a gravelly desert pavement

and a vesicular A horison (plate 11A).

On the average there is a certain textural differentiation between the various horisons:
The A horizon is silt-loam: Silt (57%) > sand (30%) > clay 13%. The B horizon is usually
loam or silt-loam: silt (50%) > sand (31%) > clay (19%). The C horizon is sandy-loam: sand
(53%%) > silt (32%) > clay (15%).

The ratio between coarse silt and fine silt + clay decreases with dspth. It is 1:1 in the A

horizon, as in average settling atmospheric dust, 1:1.7 in the B horizon, and 1:2.3 in the C hor-
izon. Some migration downward of the fines fractions is evident.

Within a generally wide textural spectrum of Hammada soils it is possible to distinguish
two grouns:

1. Silt-loam or loam Hammada soils, occurring in areas where eolian dust is derived from

distant sources (as in the soils of the central Negev plateaus).
2. Sandy-loam Hammada soils, which are affected by adjacent source areas of sand (such as
the sandstones exposed in Makhtesh Ramon or in the Arava Valley).

Lithosols

Lithosols, are shallow stony soils, of AC,ACR or CR horizons, which usually overlie soft
bedrock, and reflect a mixture of weathered bedrock and introduced dust and salts. Thus, litho-
sols are very diversified in texture. In the Sde Boker (northern Negev) area, where limestone
and chalk are the major bedrock types, one finds a variety of Lithosols (Arsi, 1981; fig. C.1.10).

These include:

1. Lithosols which contain large amounts of eclian dust, developed mostly on hard lime-

stone;
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2. Lithosole with large quantities of weathered chalk, in which much of the non-gravelly
fractions are derived from the underlying friable rocks.

In the northern Negev and the Judean Desert the average texture of the non-gravelly soil
material is usually loam (A horison) and clay-clay-loam (B and C horisons. Arsi 1981; Dan
and Smith 1981). The average composition is:

A horiton: Sand (42%) > silt (38%) > clay (20%) -
B horison: Clay (43%) > sand (32%) > silt (25%)
C horiton: Clay {40%) > sand (30%) = silt (30%)

The ratio between the coarser fractions (sand and coarse silt) and the fine fractions (fine
silt and clay) is different from the ratios for most aforementioned soils: A horison — 2.3:1; B
and C horizons — -1:1. This is a result of the high combined amounts of clay from both the
chalky bed:ock and the eolian dust. Additionally, water contributed from rocky exposures to
soil patches enhances the weathering process. However, the high precentage of sand in the A
hotizon and the relative contribution of clay and silt by the weathered bedrock have yet to be
studied.

Seorzem Soils

Serozem scils are light coloured aridic soils of the ABC or ABB, type having a calcic
and/or gypsic koriton at shallow depth. Hence, they are very diversified in their texture. Most
of them are loessial and/or stony in nature.

The serozem soils of the Negev are usually fine grained in their non-gravelly fraction
wherever located away from sand contributing terrains. Silt and clay constitute 65-80% and
most of the remainder is fine sand. The lower horisons usually contain more clay (<40%) but
conversely may also contain more sand than the upper horisons. A mixture of materials from
various sources is apparent, with sand from weathered parent rock or collusium and fines from

eolian dust.
Sands: Eolian And Derived Colluvial And Alluvial Sands

In terrains of active eolian sand transport, such as sand dunes, the amounts of trapped sil’
and clay are very small. For example, there is less than 0.1 % to 0.7% in the coastal dunes i
northeastern Sinai and 0.7-2.6% in the inland sand dunes further south (Tsoar, 1970). Simila:
contents (0.6-1.2%) were observed in the inland sand dunes of the western Negev (fig. C.1.2r).

A different particle size distribution is observed in stabilized sand dunes (fig. C.1.11).
Stabilized sand dunes in the western Negev contain 5-10% silt and clay down to a depth of 40
cm (Tsoar, personal communication). The highest content (10%5) is observed at the surface. In
one instance it was observed that the sand in climbing dunes on steep hillslopes contains 7% of
fines. Restricted sand and dust movement in these landforms (climbing dunes) may be 2 cause

for such a content.

In stream channels and flood plains which cross sand dune fields, one usually finds two types
of non-gravelly deposits (§g. C.1.12):

1. Sand with some silt and clay (10-25%), which is typical of sedimentation in the channel

during floods (fig. C.1.2s).
2. Silt (and clay) with some sand (10-20%) deposited overbank during high flows, and in the

channe! during very shallow flows.
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In soils developed on alluvial sands in the northwestern Negev we find an average of 20%
fines in A and B horisons, and only 5% silt and clay in the C horison; (Gg. C.1.13; Marish et
al., 1978). This may be attributed to the fact that the C horison is actually a stsbilized sand

surface.
Gravelly Regosols On Sieve Deposits

Sieve depoaits, having large pores and being highly pervious, serve as very efficient traps for

dust from various sources:

1. Eolian dust settling from the atmosphere;
2. Dust penetrating with inflitrating rainfall;

3. Dust washed-in with ranning water.
In the southern Arava Valley and eastern Sinai we vsually find the following textural

compositions: Sand (60-80%) > silt (20-30%) > clay (3-7%).

The large pores in sieve deposits allow a free penetration of available sand. In some areas,
we find a finer non-graveily matrix, for example the textural range in Mount Amram (south-
ern Negev) is : sand {48-55%) > silt (37-42%) > clay (5-12%). It may well be that the type of
gravelly trap is the reason for this finer texture. In the Mount Amram area the sieve deposits
are composed of fine to very fine and well sorted gravel.

There is usually a general decrease in the content of fines with depth. The upper part of
the section, near the surface, contains 50-80% silt and clay whereas most of the section usual-
ly contains 30-40%. The composition of fines is similar to that of average atmospheric dust;
the ratio of coarse silt to fine silt + clay is -1:1 throughout the section. Differentiation in the
fine fractions along the section does not occur due to the high porosity of the gravel.

Paleosols

Paleosols are soils which have formed in landscapes of the past (Yaalon,1971). Most of the
paleoscls encountered in deserts are identified by their buried B and/or C horisons. They are
characterised by their color, texture and added salts, and compared to overlying or underlying
horisons. More difficult is the identification and definition of relict paleosols, which are at the
surface thoughout their evolution. Such is the case of polygenetic Quaternary Reg soils, begin-
ning their evolution sometime in the Pleistocene, developing through varying climate regimes,
and undergoing slow transformation during the extremely dry Holocene period.

In the loessial soils of the western Negev there is a tendancy for B, (= buried B) horisons
to contain 10-15%5 more fines than the overlying B or C horisons, and 15-20% more fines than

the active A horisons (fg. C.1.14,15).
Summary And Conclusions

The non-gravelly materials in desert soils are derived from three sources: weathered parent
material, airborne dust and airborne salts. The composition of the fine earth fractions and
their particle sise distribution in the s0il is a result >f the behavior of the various forming
agents — weathering, wash and infiltration. The relative importance of these agents changes
with time, since the nature of the soil is also time-dependent.
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The prediction of the general composition and distribution of the fine earth materials re-
quires consideration of the relative importance of mainly five general factors: parent material
and its properties; sources; mode and accumulation rate of allochtonous materials (ssnd, dust,
salts); climate, as it affects the hydrologic regime at and close to the aurface; time, within
which climate may fluctuate and soil properties change. Examples of the significance of the
various factors are: (a) sandy loessial soils in the northwestern Negev which are proximal to
sand fields; (b) sandy Solonchack soils in playas and sabkhas which collect runoff water and
sediment from watersheds in which sandstone exposures are abundant; (c) dust-rich gravelly
soils in areas with no near by sand sources; (d) & significant increase of soil salinity with soil
age; (¢) significantly thicker soil profilea on old lundforms which have existed under relatively
humid climatic regimes (moderately arid, semi-arid); (f) the ty pes of salts which appear in the
non-gravelly fractiona change with climate; for example, CaCO, occurs in the less arid ter.
rains and gypsum-chlorides in the desert soils (see chapter C.3). Generally, the pred>minance
of long distance airborne dust results in the fine earth being silt-loam, silt and clay loam in
texture.

Several generalisations can be presented with respect to the amounts and nature of dust in
different aridic soils (figures C.1.3, C.1.16, C.1.17):

1. Loessial aoils and Takyr soils are composed mostly of dust-sised fractions. Their com-
position is close to that of settling atmoapheric dust (see Part B).

2. Hammada soila and Holocene Reg soils are similar to settling atmospheric dust in the
composition of the non-gravelly component of their A, and B horisons. This is so in terrains
where the parent material and location are not sssociated with sand contributing sources.

3. Generally, Reg soils are most variable in the texture of their non-gravelly fractions.
This is due to the great diversity of parent material and the widespread spatial distribution
with respect to different sources of sirborne materials.

4. Generally, deposits with the lowest content of dust are charachteristic of alluvium in
fiood plains of streams draining watersheds in which hard (non-friable) rocks are exposed.
Thesa are typically composed of gravel, sand and very little dust. Young sandy Regosols and
sandy / gravelly Solonchaks are usually also poor in dust content.

5. Gravelly Regosols on sieve deposits and many Hammada soils contain medium amounts
(50-80%) of dust in their finc earth fraction.

Examination of the clay/salt ratios in the vatricus soils yield the following groups (fig.
C.1.16):

1. Low ratios of 0-0.4 occur in the non-gravelly fraction of coarse desert alluvium, Reg
soils on Holocene alluvial surfaces, and many Hammada soils. The ratios are within the range
charachteristic of settling atmospheric dust (see part B) which is high in silt and low in clay.
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2. Medium ratios 0.4-0.6 are charachteristic of loessial and mature Reg ard Hammada

soils, in which some clay accumulation is evident.

3. lligh ratios -— 0.6 and usually < 1.0 — - are typical of some Takyr and Solonchak soils
in areas where relatively high amounts of saspended clays are deposited.

Generally the correlation between the content of silt and the content of clay in the fine

carth fraction is rather low for most desert soils, due to the following reasons:

1. The size distribution of settling atmospheric dust is heterogeneous through time and
space (Ganor, 1975).

2. There is a filtering process as dust is added to the soil prohle. Various dust fractions
move through the soil at different rates and to different depths. Clay filins observed in loessial
soils and well developed Reg soils are indicators of clay translocation. Thus, clay/silt ratios of

the original added dust change due to these processes.

Iigures C.1.18,19 may demonstrate the above effects. Holocene Reg soils containing dust
that has settled recently and inflitrated through a rather open gravelly texture, reflect the vari-
abilty in clay/siit ratios typical of settling atmospheric dust. The lesser degree of correlation
between clay and silt in older Reg soils reflects the effects of both fluctuating climate through
time and filtering through a developing soil.

Some very broad trends appear in the behavior of the various size fraction in desert soils,

as shown in figure C.1.20:

1. There is a general decrease in the content of 2 given fraction as the particle size of its
material becomes smaller, from coarse silt to fine clay. This trend is clear in A and C herizons.
It is lecs 30 in B horizons, when comparing fine silt with coarse clay. It may well be that these
trends exist because A and C horisons in desert soils are similar to the source of the dust m:z-

terial, whereas B horizons have undergone more alteration than A and C horizons.

2. The trends, by particle sises, are:

(a} Coarse silt — a relatively large component (up to 55%); there is a decrease in silt con-
tent from the A horiton to B horixon to C horison.

(b) Fine silt — a lower content than coarse silt (<40%, but usually less thaa 30%); there
is a decrease from the upper (A) to the lower (C) horizons.

(c) Coarse clay — low amounts {<15% but usually less than 10%); there is a low rate of

decrease from the A to B to C horizons.

(d) Fine clay — relatively large amounts may occur in the A and B horizons (< 56%, but
most 80ils contain less than 15%); The C horizon usually contains less than 10% fine clay, but

some soils may contain up to 30%.

(e} 9% coarse silt >% fine silt <>% fine clay > % coarse clay.
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Figure C.1.20.
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C.3 MINERAL COMPOSITION OF DUST IN DESERT E0IL8

T} s mineralogical composition of soils and surficial deponits may strongly reflect the en-
vironn ental conditions and the evolution of the landscape at a given site. Environmental

changes through time may be traced by the relative abundance of different mineral species and

their degree of preservation.

The mineral composition of the dust particles in desert soils is determined by three main
factors:

1. The compotition of the introduced airborne dust. This factor is decisive in most arid
terraine since much of the fine fractions are derived from settling atmospheric dust.

2. Pareat material at the site in question; the bedrock or the original surficial deposit is
also reflected in the mineralogical composition of many deaert soils.

3. The climatic regime — past and present -— is certainly a significant factor. It may
affect, or even determine, dust mineral composition through modes and rates of alteration of
primary and secondary rocks, as well as modes and rates of long distance transport and depo-
sition.

The mineral composition of dust fractions in the desert soils and deposits of the Negev and
Sinai is generally the following:

1. The silt fraction is composed mainly of quarts (40-80%), calcite (26-40%), some
feldspars (3-10%) and dolomite (0.5-6%). The ratios between major constituents — quarts
and calcite —— change considerably with different soil prcfiles and horisors, with no decisive
trends. Only in calcic horisons in loessial s5ils doen the ratio shift toward somewhat higher
amounts of calcite (Bruins, 1976).

2. In fine silt (0.016-0.002mm) there ic a much lower quarts content than in coarse ailt
(0.063-0.0186mm; Goldberg, 1584, personsl communication).

3. The clay fraction in most desert soils in the Negev contains primarilly montmorilion-
ite and substantial amounts of kaolinite. Illite is a minor constituent and palygorskite ap-
rears in some samples. This is true in the cases of the loessial soils in the northern Negev
(Bruins, 1976) and rnost of the Reg soils in the Negev and in the Dead sea area (table C.2.2).
This typical composition is determined by the weathering products of thc widely exposed
upper Cretaccous Paleocane and Eocene rocks in the Negev (Nathan, 1966) as well 2¢ in the
Sinai and North Africa.

The contribution of certain rock types or formations is evident in many Negev soils:

1. The high amounta of calcite are derived from the formations of limestone and chalks
widely exposed in the desert terrains of North Africa, the Sinai, the Negev and the northern
Arabisn desert (for example table C.2.1).

2. Various silicate minerals such as quarts, feldspars, plagioclases, heavy minerals, ate
abundant in the sand and silc fractions of soils deposited in :lose proximity to exposures of
igneous and metamorphic rocks. These minerals are especially prominent in terrains down-
stream and downwind from such axpousures. However, since much of the dust in most desert
soile is derived from distant sources, one may always find calcite, dolomite, and clays derived
from terrains in which marine sedimentary rocks are widely exposed.
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3. Large amounts of kaolinite are released by the disintegration of Faleosoic and early
Mesosole (Nublan) sandstone formations, in which kaolinite clay is found as a binding agent.
The finer fractions of the dust in the derived soils (whether formed from the original detritus
or developed through the accretion of aitborne dust) are rich in kaolinite (Singer & Amiel,
1974).

4. Palygorskite is derived from certain shales and chalks of uppermost Creiaceous - lower
Tertiaty rock formations (Nathan, 1988; table C.2.1). This mineral is found in substantial
quantities in soils derived directly from the sbove mentioned formations. However, since
palygorskite is not a stable mineral in the desert soil environment, it is not found in significant
quantities in the clay fractions of old desert soils (see table C.2.2). )

5. Past climatic regimes are reflected in the mineralogy of certain paleosols. One example
is the occurrence of pockets of Pliocene(?) — early Pleistocene(!) Terra Rosea in the Negev
Highlands. This area is now under an arid climate (90-120mm/year of mean precipitation).
Large quantities of kaolinite (sometimes well crystallised) are typical of these so0ils, developed
under a subhumid (humid?) or a Mediterranear. climate on limestone formations. Another ex-
ample is the large component of kaolinite in red and calcic paleosols preserved in extremely
arid environments in the weatern Negev (see table C.2.2). Semi-arzid to subbumid climates are
probably the regimes under which these soils have initially developed.

In summary, the most abundant minerals in the dust of desert terrains in the Negev and
Sinaij sre: quarts, calcite, feldspars, dolomite and montmorillonite. Other minerals appear in

rather low quantities, except in special cases related to particular soarce rocks or past climatic
regimes.

Table C.2.1: The percentage of the different clay constituents in the clay
fraction in the rock formations of late Cretuceous - middle Eocene in the central
Negev (from Nathan, 1966).
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Table C.2.22 Mineral Composition of Clays In some Desert Soils

Soil Type & Landform Region; Location Soil Horlson

Reg Soil, Holocene; Dead Sea — Nahal Ze'elin AC

Alluvial Terrace BC

Reg 30il, Pleistocene; Fastern Sinai - Wadi B,

Alluvial Surface Mukeibila

Reg Soil, Pleistocene; Eastern Sinai — Wadi Sa'ada B,

Alluvial Surface C,

Reg Soil, Pleistocene; Southern Negev — Nahal Paran A,

Alluvial Surface BC,
C?

Reg Soil; Northern Negev — Zin Valley BC

Tertiary Surface B,.

Reg Soil, Pleistocene; Eastern Sinai — Bir Sa'al B,

Talus Slope

Reg Soil, Pleistocene; Eastern Sinai — Siket Nigbein B,

Talus Slope

Hammada il Central Negev — Mount Saggi C,.,

Takyr Soil; Southern Negev — Qa En Nagb A,

Playa Ci
C,

Solonchak Soil; Eastern Sinai — Bir Sweir CW.

Sabkha C.km

Calcic Paleosol; Western Negev — Nahal Kadesh B,

Alluvial Terrace Barne'a

Fossil Terra Rossa Central Negev — Mount Horsha B,
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C.8 SALTS — COMPOSITION AND DISTRIBUTION

Introduction

Salts in most desert terrains are intrusive materials. They are derived from airborne
sources (Ericksson, 1958; Yaalon, 1963; Yaalon and Ganor, 1968; Yaalon and Lomas, 1970).
Chlorides and gypsum are frequently encountered in aridic soils in the Middle East
whereas CaCO, is typical to desert soils in some other aress (c.g. in the southwestern Unit-
ed States). In some cases dissolved carbonates from parent materials are later precipitated
within the soil profile. This may have occurred in loessial soils of the northwestern Negev.

The introduction of salts into the soil is accomplished with the penetration of rainwa-
ter carrying solutes and dust. The distribution of salts in the developing soils is related to
multiple rainfall events having diferent magnitudes and frequencies and a highly variable
salt content. Several factors affect ealt composition and distribution in the soil:

1. Site characteristice, such as topographic slope, catchment relations to adjacent sites,
and surficial roughness.

2. Parent material and soil characteristics, such as texture, structure, porosity, and
permeability.

3. The sources of salts: marine, continental, playas, bedrock exposures, and sn-ntu
parent matarial.

4. Rainfall and dustfall characteristics: composition, amounts, durations, intensities,
intervals between salt-introducing events.

5. Rates of cvolution of terrain/soil properties and the interactions and feedbacks
between these properties. These rates are not constant even under unchanging climatic
conditions. The rates vary with different scil propertiee. (Birkeland, 1874).

8. Differential solubility and salt movement in an evaporating and precipitating en-
vironment.

Thus, the composition and distribution of salts in desert soils is complex, and depends
upon different varying factors. Many sites of salt accumulation have undergone climatic
changes throughout the Quarternatry. Even young soils have developed during different
climatic regimes of the Holocene period (Horowits, 1979; Goldbe:g, 1981; Gerson, 1882).

Salts and gypsum are precipitated close to the surface, especially in terraine under a
moderately arid to extremely arid climate, where the mean annual precipitation is lower
than 260 mm. In Israel, on the flat 1ying to gently sloping terrains, 280mm/yr isohyet ap-
pears to be a generalised dividing line between the saline desert soils and the more calcic
soils of the semi-arid environment (Dan & Yaalon, 1982). Generally, it appears that the
degree of salinity increases with climatic aridity. Under the more arid climates the thick-
ness of the saline soi! profile definitely decreases. The most gypsiferous and saline soils are
the Solonchaks in playas, or sabkhas along the cnast, and Reg soils of the desert gravelly
plains (Dan et a), 1982). Saits and gypsum accumulate uninterruptedly in soils on gently
sloping or flat geomorphic surfaces. Sloping, better drained or eroding terrains, are less
saline. A typical location for the accumulation of salts and gypsum is the colluvial man-
tle at the hase of relatively well drained rocky hillslopes (Arsi, 1981; Wieder et al., 198§).
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The following descriptions and discussions deal with salts and gypsum content and
distribution in the non-gravelly (sand-silt-clay) fractiona of decert solls. It should be born
in mind that the percentage of salts is approximate, whereas the electrical conductivity
(EC) measures are rather accurate.

Loesslial Solls And Loesslal S8erosems

The salinity of loessial soils was examined in two environments: the northwestern
Negev, currently under a moderately arid or semi-arid climate and the central Negev,
which is under an arid climate.

A. The northwestern Negev and the Jordan Valley (figures C.8.1; C.83.22A):

1. Salinity of loessial soile is low (<3.5 mmho/cm; ususally 0.5-1.0 mmho/cm).

2. The salts are concentrated in the s0il horisons usually deeper than 80 cm below sur-
face.

3. Sometimes the A horison is somewhat mose saline than the B horison.

B. The central Negev maintains a different pattern, which is typical of loessial
Serosems (figures C.3.2,C.3.22A):

1. Higher salinity(<40mmho/cm).

2. Salts are concentrated in the lower B and upper C horisons, usually between 20 and
80 cm below the surfuce.

3. There are lower salt concentrations in the A, upper B and lower C horisons.

Generally, the loessial Serosems are about ten times more saline than the lcessial soils
of the northwestern Negev and the peak in the salinity in the former is found at shallower
depth (20-80 ¢cm) than that in the latter (50~100 ¢m).

Takyr Solls

The salt and gypsum accumulation is generally similar (figures C.3.3, C.3.22G). They
both increase with depth until an approximate constant amount is reached (2.0-3.6% of
salts and 6-10%. of gypsum). This was observed in the clayey Takyr soils of Qa En-Nagb
(s closed basin, west of Elat, which is inundated occasionally, once in 1-3 years).

Takyr soils may develop in basins which are not completely closed but have impeded
drainage. Such a case exists in the Shaharut Valley in the southern Negev, where the soils
are less saline and gypriferous, with 0.1-0.2% salts and gypsum (6g. C.3.3).

Generally, the Takyr soils are more leached than the Solonchak soila since there is no
permanent water table close to the surface and thus water movement is not entirely res-
tricted. Rates of silt and clay deposition are far higher than that of salts and gypsum
precipitation. Asin other aridic solls of the extreme desert (such as Reg Soils) the gypsum
content is higher than salt content, with ratios around 3:1.

Solonehak Solls

The distribution snd content of salts and gypsum in Solonchak soils are highly diver-
sified. However, several general trends are worthy of emphasis (figures C.3.4, C.3.22D):

1. Salte and gypsum increase with depth, as is the case with Sabkha s0ils in eastern
Sinai.
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2. There is an incerease in salte and gypsum to s peak content at depthe of 5-20 cm in
depth, and then a decrease (sometimes to be followed by an increase to a second peak deeper
down). Such is the case with the playa soiis in the Arava Valley (En Avrona in the south-
ern Arava valley and En Tamar in the northern Arava Valley).

3. Salt content elose to the gurface is higher in inner playa sones than in outer playa
sones.

4. Salt content is usually higher with depth in coastal Sabkhas thaun in inland playas.

5. Trends of gypsum accumulation do not characterise the environment as well as
those of aalts.

8. Gypsum content is usually higher than that of saits; the ratio ranges between 1:1 to
4:1. This ia lower than the! found in Reg soils, due to impeded removal of the more soluble
selta from the soil prefile and precipitation from shallow ground/sea water.

Reg Solle

Reg soils are gravelly desert soils in which the various salts (chlozides, sullates, car-
bonates) accumulate in the fine earth matrix. They do not show appreciable leaching ef-
fects, especislly in the early atages of their development, when runoff and aurface wash are
negligible. Salts sccumnulate in these soils until a stage of soil degradation and truncation
is reached.

Reg soils in the Negev and the Sinai are primarily gypsiferous and saline. Calcic Reg
soils are not at all abundant. NaCl is predominant among the chloridic salts. Less abun-
dant are CaCl,; and MgCl, salte.

Since it is difficult to date non-calcic Reg soils, we ahall resort to rather general age
groups for the Negev and the Sinai. These are assigned according to the age of the alluvial
surfaces on which the soils have formed: Holocene, Pleistocene, or Tertiary. However,
since the soils which developed on the older surfaces may be quite old and pulygenetic, one
should treat the assigned ages with caution.

Reg Sollse On Holocene Surfaces

Several trends are evident from our study (figures C.3.6-7; C.3.22C):

1. Anincrease of gypsum and salt content with depth.

2. In most soil profiles, there is a decrease of gypsum and salt content from the A to
the B horison and then a definite increase to a maximum in the lower C horison.

3. In some aoil profiles there is an increase to pesk amounts at a depth of 6-10 cm and
then a moderate decrease with depth (fig. C.3.6).

4. Gypsum content is usually very low in the A horison. Gypsum usually increases
with depth at higher rates than that of other salts.

5. Gypsum content is usually far higher than that of salts. The ratios range between
3:1 and 10:1 and become higher with depth.

6. The gypsic/salinc soil profile usualy reaches some 40-50 cm in depth. Only in high-
ly pervious parent materials (such as sieve deposits) does salinity reach 80-80 cm.

7. There is a definite change in the accumulation rate of gypsum and salts with time
(Ggures C.3.6,7).
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The content of salts and gypsuin in the fine earth fraction of some Holocene Reg
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Some eonclusions are as follows:

1. There is no <ood leaching of the upper scil horison.

2. There is & diversity in the leaching and precipitation of the different salts. With
depth, gypsum sccumulates at higher rates than the more soluble salts. Being of much
lower solulility, gypsurn will be concentrated at lower depths due to two types of
processes: (a) rainstorms of high amounts and duration may dissolve gypsum from the
upper horisons and precipitate it in the lower ones; (b) the combination ~* capillary rise
and evaporation may carry th. more soluble salts into the upper horiso..~ and precipitate
them there. This may be espccially true in the upper horisons which are richer in fines
(silts and clays) than the lower horisons (see chapter C.1). In sieve deposits, where initial
porosity and pore sise are the greates:, there is no differentation of ratios throughout the
profile since water does not n.igrate upward through a fine grained matrix.

3. There is a decrease in she rates of gypsum «nd salt accumultation with time. This is
related to a change of the hydrologic regime as more fines are added to the soil profile (sc~
chapter C.1)

4. There maybe some loss of the more soluble salts due tc leaching during extreme
rainfall events, especialy in the initial stages of soil development.

5. We have found only one svil profle (in the Zin Valley, central Negev) in which the A
hotison is highly gypsic. A possible reason for this situation inay be soil profile trunca-
tion Ly erosion. Also, in environments where the original parent material has a high
clay/silt content, 20ils may shcw the same trend.

8. Generelly, we could nat clearly differentiate between trends in gypsum and salt
comgssition and distribution in Reg soiis having some difference in their gravelly parert
material. However, a hint is obtained by the comparative study of soils developed on
gravel-bars and swales on alluvial terraces. The foriuer are more saline than the latter;
some of the water from the bars drain into the swales and soils there are slightly less
saline.

Reg Soils On Plelatocene (and olde=) Surfaces

These soils have undergone salinisation for long pariods of time and have certainly
been affected by climatic changes. They are old and polygenetic; many of them are relict
paleosole. The lack of well established dates and the polygenesis of these soils preclude
corrclation of the studied profiles by quantitative analysis. Still, several generslisations
may be presented (fig. C.3.8):

1. Anincrease of gypsuwm and salts with depth.
2. Surficial horisons contain more salts than gypsum, but the ratio is reversed dowr-
profile, where thereisa’ - “:r gypsum than salt content.
3. There are three different trends of change in gypsum and salt content with depth: (a)
an increase with depth; (b) an iacresse and then a decrease with depth; (c) the B horison )
contains lower concentrations of gypsum or salt than the A and C horisons,
4. Salt content is usually less than 2%, while gypsum ranges between 10% and 20% by
weight. The gypsum:salt ratios range between 2:1 and 10:1. In the older soils, the ratios are
5:1 to 10:1. =

| \ﬁ\ ol

5. Some Pleistocene Reg soils reach levels of salinity which are not observed in any
Holocene Reg soila.
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Pripositionen mit depeffpiidfly on Pleistocene talus slopes
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TABLE C.3.1 SALT AND GYPBUM CONTENT 1N CATEKAR ON TALUS SLOPES (REG BOILS A¥D GRAVELLY
REGOSOL). =
Klectrical Salts
. Location Pit Gite Bortaon; Conduceivity Approzisate Gypsun
Depth in cm sabo/ca Percent Percent
Hakbtesh Remon upper talus A&7 0 -~ 1 17.8 1.09 .8 -
Cy 1 - 380 7.3 1.71 14.8
lower talus A 1 - % 2.6 0.18 2.2
Cy %0 - 40 0.4 0.03 tracee
. Cy 4o+ 12.2 2.78 5.7 g
¥ount Aarew upper tzlus Cy 10 - a0 16.8 0.99 1.8
Cz 3 - g0 2.9 0.18 2.8
center tslus 5 - 32 0.8 0.02 traces 3
27 - 42 0.2 0.01 traces
lower talus 0o - 20 0.8 0.03 traces
Yadi Nukelbila center talum 30 -~ BB 7.2 0.45 0.8
76 - 90 80.7 8.7¢ 4.4
lower telus 40 -~ 80 1.2 0.0€ 1.8
66 ~ g0 37.8 3.36 3.3
Bir Saal center talue Apb 0~ 1 0.4 0.03 traces
Az 2 - 10 1.8 0.11 traces
By 15 - 26 a3 °.21 o6
a - 30 4.0 0.26 0.9
Cy 35 - 48 2.0 0.13 0.8
C3 45 - 5§ 3.3 0.1 0.3
lower talus Ay 0 - 0.1 0.01 traces
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C 1 - 20 1.2 0.08 traces
C 35 - 26 0.2 0.0t 0.7
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6.In Reg soils on taluses and in colluvial sieve deposits the gypsum content is slightly
higher than that of salts. Generally, ‘solls on talus slopes (Reg soils, as well a» s0ils on
sieve deposits) are less saline and ‘ypiileioul than soils on gravelly plains. They are better
drained and more leached by surface wash and through-flow.

There is & trend of decreasing salinity downslope on many taluses (table C.3.1). Salt
content is usually higher in uoile on the upper sections of taluses then that in the soils on
the middle-lower sections. A similar trend was observed with respect to gypsum content.
Wash and leaching of the lower portions of the slopes by water from upslope reaches are a
possible reason for the situation.

Hammada Soils

In Hammada soils one finde a high rate of increase in salts and especially gypsum
with depth (fgures C.3.12; C.3.221). The greatest amounts of salts are usually in the gravel-
free B horison, wheresas the gypsum content is higher at the lower horisons (<26% in lower
B and C horisons). Surficial horisons are leacbed, probably because of their stoniness and
the slow rate of desert pavement evolution.

Stony 8erosem Bol'a And Lithosols

Usually, these soils show an increase in salinity with depth (Ggures C.3.13,14;
C.3.22E,H). The highest salinity ia in the lower C horison, at a depth of 50-80 cm. Such
Serosem soils represent s moderately arid to arid environment and the upper horisons are
leached of salts (figures C.3.14; C.3.22E). Only about 0.1% of salts and gypsum may appear.
A similar trend is observed in desert Lithosola, which are generally shailower in depth (fig-
ures C.3.13; C.3.22H).

Sand Dune Solls

Sandy soile which have developed under semi-arid to arid climates in the coastal plain
in southern ssrael and northern Sinai are poor in salts. Salte content along the soil profile
is rather constant to depths of 200 cm and more; it is usually less than 0.03% (fig. C.3.15).
The relatively high permeability and the sufficient rsinfall, including occasional
high-quantity /intensity rainstorms, may sccount for this pattern.

Conclusions

It is atils impossible to draw sound quantitative correlations between soil properties
and environmental factors such as average snnual precipitation, hillslope gradient, dis-
tance from hillcrest or asimuth of exposure. Most of the soils encountercd in deserts arc
polygenetic in nature and many of them are still in the process of formation Yet several
general conclusions may be presented:

1. There ia a general increase of soi! salinity with decreasing mean annual precipita-
tion or effective moisture. This is 8 most generalised conclusion, which conforms with
higher degree of leaching in the Jess arid environments and a greater contribution of eoli-
sn sal‘s in the more arid terrains. In order to test the validity of the change of salinity
with the gradient of precipitation aviounts, one should use similar terrains. However, cer-
tain types of soile such as loesslal soils — dominant in the semi-arid northwestern Negev
— do not exint in the more arid partes of the Negev, whereas Reg soils or Solonchak soils do
not show in the northwestern Negev. Some terrains are exclusive to certain environments

or regiont. In the loessisl terrains there is an incresse of salinity with climatic aridity,
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primarily through the decreasing effects of leaching and a higher trap efficiency, The end
members are the non-salinu loessial soils of the northwestern Negev and the loessial
scrosems further southeast, in the centrsl Negev, Yet, in the Reg soils we have not traced a
clear trend. Holocene as well as Pleistocene Reg soilsin the extremely arid southern Negev
are not definitely more saline or gypsiferous than Reg soils of comparable ages in the
somewhat less arid cantral and northern Negev. Thia may be due to the fact that in a non-
leaching environment high salinity values sre due to somewhat greater amounts of salt
catrying rainfall.

2. The distribution of salinity values through the soil profile is not uniform. There is
a decreace in depth of the horison of peak salinity in the s0il profile with increasing aridi-
ty, or decreasing mean annual rainfall. Thia trend is most clearly observed in soils on flat
surfaces or gently sloping terrains. Peak salinity is found there at depth of more than 80
cm in loessial soils in the northwestern Negev, and less than 50 cm in Reg soils under ex-
tremely arid climates. A complication of this general trend arises in polygenetica soils
formed under changing climatic regimes. In these one may find more than one gypsic
and/or salic horisons at various depths.

3. Local conditions highly affect the amounts and distribution of the salts in the soils.
Several environmental settings where local conditions are dictating characteristic salinity
distributions may be noted:

(a) Highly pervious parent materialn, such as gravelly sieve deposits and sand, into
which salts penetrate to great depths {of more than 100 cm) and are in most cases evenly
distributed. Only after such parent materials are densely impregnated by dust, the general
existance of horizons of high peak salinity is clearly marked.

(b) On hillslopes one finds a clear control of drainage: colluvial mantle at the base of
rocky outcrops may be leached, or salts are found at great depths, due to high zunoff input
from the rocky surfaces. Further downslope on a loessial colluvial cover one often finds
very saline soils due to lack of effective leaching or wash (Danin, 1970; Arsi, 1981; Wieder
et al.,, 1985). On gravelly talusslopes, where drainge and wash integrate downslope, there is
higher salinity in the Reg snils on upslope (backslope) reaches than on downslope
(footslope) ones.

4. The effects of local and regional sources of salts may be decisive. The highly gypsi-
ferous nature of the soils in the Arava Valley and Makhtesh Ramon (central Negev) is
augmented by gypsum derived from gypsiferous rock formations exposed upwind. Some of
the saline playa deposits in the Arava Valley are carried southward by the prevailing
winds onto the extremely arid terrains bordering the Gulf of Elat.

5. The rate of increase in salts and gypsum in some soile decreases with time. Reg
soils show a very slow change in salinity after some 1000- 3000 years. Some soils may be-
come relict after tens of thousands of years, as may be the case of Reg and Hammada soiis.
Thus, soiis on early Holocene and Pleistocene alluvial surfaces may show similar ranges
of salinity.

6. Most desert soils in [srael and Sinai tend to have a high gypsum to ealts ratio (usu-
ally ranging between 2:1 and 10:1), This faci deserves a close attention. The ratio appears tc
increase with the age of the soil. Old (Pleistocene) woils usually have s higher
gypsum/salts ratio than Holocene soils. Several processes contribute to this trend: (a) The
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more soluble salts (chlorides) are partially leached during events of large rainfall amounts
(Arkley, 1981, Dan, 1983) or wetter climatic regimes; (b) Some of the more soluble salts

may rise in the soil profile during periods of desiccation after rainstorms, and are later
washed by surface runoff.

7. There is no good relaticnship between the contents of salts and gypsum in discrete
soil horisons or whole s0il profiles (fig C.3.18). This is due to several reasons: (a) A very
diversified hydrochemical composition of rain water of different rainstorms. (b) Differen-
tial solubility and mobility of the various salts. Leaching and capillary rise redistribute
salte in the soil and remove some of the more soluble materials. (c) There is s gradual
change of soil texture with time; this affects the hydraulic proparties of the soil (see
chapter C.1) and with it — the distribution of various saits in the: soil profiie. (d) Most
aridisols are polygenetic; they have developed under changing climatic regimes, with vary-
ing rainfall and salt contribution patterns.

8. There is no establinhed quantitative relationship between the amounts of aalts or
gyspum and the quantities of fines (silt and/or ¢lay) in the soil (fg. C.3.17) . The higher
mobility of the salts through the s0il is the major reason for this situation. The soils
richest in fines are loessial soils and Takyr soils while the most saline soils are Solonchaks
and Reg soils; in the latter two s0il types the relative amounts of introduced salts versus
trapped dust are high. A very general trend is that the salts/dust ratio increaces with ari-
dity, due to decreasing leaching and low dust trapping of the soil in the more arid
environment. In soils rich in fines under arid to extremly arid climates, one generally ob-

serves a retarded dust penetration while introduction of aalts is still effective; such soils
become more saline with time.

9. The composition of the chloridic salts in the soil was not studied in detail; however,
several observations were made: (a) There is a high degree of correlation between several
variables in the Holocene Reg soils: {1) Electrical conductivity and Mg++* content (hg.
C.3.18); (2) The content of Na* and Cl- (fig. C.3.19); (3) The content of Cat+ and Cl- (fig.
C.3.20). Such correlations point to the rather constant overall relationships between the
components of the chloridic salts. {b) There is a certain similarity between the salt com-
ponition of sea water and that of Solonchak soils in coastal Sabkhas and some young soils,
such as Holocene Reg soils (fig. C.3.21) and A horizons in some other aridisols. (c) Most

older scoils and soil horisous are different in their salt composition from both sea water and
avcrage rain water.

10. Calcic soils, in which calcium carbonate is a major precipitate, are found mainly in
the less arid environments — the nortbern and northwestern Negev. Such s0i1; are encoun-
tered also as paleo-ols in areas where gypsic and salic soils are being formed at present,

and were observed in many sites in the arid and extremely arid parts of the Negev and the
Sinai.
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C.4 GROUND COVER — TYPES AND OCCURRENCE

Soils and surficical deposits in deserts are often mantled by some crust — a well defined surfi-
cial horiton, different in its texture and structure from the underlying materisl. In many cases,
the surficial horiwon is more cohesive, durable and erosion-resistant than the underlying horison.
This is more often the case in soils than in other surficial deposites. In other instances, some
indurated horison was brought to the surface by the erosion of an overlying softer layer. The
surficial crusts vary in their composition, structure, thickness and degree of induration. Several
major types should be presented:

1. Loess Crusts

Loess crusts are thin crusts (2-3mm), usually of loam-silt-loam texture (plate 15C). They are
widely spread on loessial deposits and between surfuce rocks in Reg soils on alluvial and talus
surfaces. Loess crusts are compoecd mosatly of silt and clay, densly packed and unaggregated
{Chen et al., 1080). They are formed by two groups of processes: (a) Mechanical dispersion and
deposition by raindrop impact and surficial runoff (Morin et a].,1981; Tarchitsky et al., 1984). (b)
Chen:ical dispersion, washing-in and accumulation of clays (Agassi et al ., 1981).

2. Biogenic Crusts

Lichen, algae and mosses often form a surficial layer over fine grained soils and debris. The
resulting crusts protect the underlying profile from the impact of raindrops sand erosion by runcff
and winds. Dust is usually trapped by lichen colonies and mosses and between them (Danin and
Yaalon, 1981). The resulting crusts, composed of dust, plants and precipitated salts are of variable
thickness: In the vicinity of Jericho (-100 mm/year of mean precipitation) a < 20 ¢m thick crust
has developed during a period of several thousand years over chalks and marls of the late
Pleistocene Lisan Formation. Near Massads, some 50km to the south (.60 mm/year of mecan
precipitation) the crust is only a few mm thick (Danin, 1984; personal information).

3. Crusts on Playa/SBabkha Surfaces
Surficial layers of playa surfaces are diversified. Three main types are apparent:

(a) Clayey crust. These crust, composed of 40-76% clay appear in playa centers
which are covered occasionally by flood water. The coarser fractions are left behind, in the
playa margins (see Part D). Fine airborne dust is added to the surface while it is wet. In
these playas there is no permanent shallow water table and the surfsce is dry for long
periods of time. Salts in large amounts are not added and in fact they are leached by per-
colatirg floodwater. The crusts are hard, smooth and devoid of vegetation, overlying
Takyr soils.

(b) Salt Crusts are typical to playas and sabkhas where high groundwater level is
discharging water to the surface, repestedly or continuously. The salts precipitated upon
evaporation are mostly chlorides, sulphstes and some carbonates. Crusis of variable
thickness are formed. The surface is usually rough, composed of small crests and troughs,
polygons of various sises and small solution pite (Krinsley, 1970; Cooke and Warren,
1973). During long periods of time the soil (Solonchak) is wet and soft at the surface.

(¢) Soft puffy surfaces are frequently encountered in playas where rapid capillary
rise of water is A-rived from a very shallow water table. The micro-topography of such
surfaces may attain 15 cm. High salt content and rather large particls sises — sand and
silt (very little clay) are typical. The surfaces is periodically wet. Shaliow water inun-
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dation occasionally occurs; dissolution of salts and smoothing of the surface takes
place, only to become rougher again upon drying.

4. Surficial Gravel

Gravel (pebbles, cobbles, stones, grit) appears on many landforms developed or derived
from hard brittle bedrock: stream channels, alluvial fans, alluvial flood plains, rocky pla-
teaus, hillslopes. Rock blocks of various sises are chposed by erosion of hillslopes and are
carried downstream. The sise of the gravel is governed by several factors: joint spacing,
breakdown and attrition during periods of movement, sorting during periods of transporta-
tion and weathering Juriug p.riods of rest. The general trends are described in Part D and
figures D.1, D.2. It is during the period of long rest that dust is added to the gravel, through
weathering and introduction of zirborne materials: Reg soils, Hammada soils and Lithosols
are common results of the movment of water, and the deposition of dust and salts whitin the

gravelly debris mantle.
$. Desert Pavement

Desert pavement is a gravelly surficial cover of > 40%, overlying a fine soil horizon. It is
usually composed of coarse fluviatile gravel, partly or completely shattered by mechanical weath-
ering. The resulting gravel is often 1-7 cm in median diameter; it is stable in place, lying flat,
short axis verticai (plate 11A). Desert pavement is characteristic to gently sloping coarse-alluvial
plains that are not fluvially active, Hammadas on rocky flats and talus slopes of medium and
gentle gradients. The stones inay be varnished or pitted on the upper side.

Several processes are involved in desert pavement evolution: (a) Mechanical weathering of ori-
ginal gravel; (b) Winnowing and washing away of fine particles (< 2mm) by wind, runoff and
percolation; (¢) Migration of gravel towards the surface; (d) Downward movement of dust intro-
duced by wind and rain — fine sand, silt, clay. With time, a thin (0.5-7.0 cm) loamy vesicular
horizon develops underneath the gravel and between the discrete rocks. In the latter cases it is
covered by a thin loess crust. During several tens of thousands of years a gravel-free B horizon
may develop under the vasicular layer.

The course of evolution of desert pavement on alluvial surfaces is as follows: (a) At an early
stage there is usually an almost complete cover (75-95%) of the surface by fluviatile gravel and
some fines. At this stage there is a gravel bar and swale topography at the surface. (b) During a
later stage there is a slow obliteration of the gravel bars by the mechanical weathering of the
surficial gravel, trapping of airborne dust underneath and between the surficial gravel and evolu-
tion of Neg soils (Hammada soils may develop in a similar manner). Figure C.1.9 illustrates the
change of pavement cover with time on a Holocene sequence of alluvial surfaces. (c) Several 104
years elapse until the surface is composed mostly (>85%) of secondary {mechanically weathered)
angular gravel and the differences in elevation between bars and swales (being originally 20-60
cm) are completely eliminated. The conditions that determine the rate of this process are the sise
of the original gravel and the surficial features, the ability of the water to penetrate the individu-
al rocks and the amounts and composition of the salts available for the mechanical weathering
process. A smooth surface of desert pavement on alluvial surfaces composed originally of small
cobbles and pebbles, indicates an age of more than 13,000 years (Bull, 1974; Bull, in preperation;
Ku et al,, 1979) and in most cases more than 30,000 years. (d) After several 10° years, when the soil
profile is highly plugged with fine silt, clay and salts, there usually occur a stripping and erosion
of the Reg s0il and some indurated crust, composed of gypsum, salts cr calcium cazbonate may be
exposed at the surface,
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PART D: GRAVEL IN DESERT SOIL8 AND DEPOSITS -
SOME COMMENTS ON POSSIBLE RELATIONSHIPS TO DUST

The present report deals with the fine fractions; however, it is still necessary to have an
overview on the accompanying material — gravel. The following treatment is rather gencral,
but it certainly complements the broader picture.

Gravsl in desert terrains is readily available dus to the significantly high rate of mechani-
ca] breskdown of the bedrock. Salt weathering is predominant on the widespread rocky
outcrops as well as at the bottom of the shallow Regosol, Hammada soil, and Lithosol profiles.
The dedris produced by mechanical shattering is readily transported by the bigh rates of run-
off from ruck exposures czused by intensive rainfall. Sorting in the sise of gravel takes place as
the debris is transported down the fuvial system: the finer fractions are carried farther down-
stream into the depositional basins.

Wind erosion and transport are sigaiBcaat processes in winnowing sand and dust from
eroding terraine as well as from depositionc] landforms; the Biner fractions accumulate in
downwind sreas, such as sand fields and loess plains. Gravel is left behind as & lag deposit with
very little ine matrix. Figure D.1 broadly summarises the general subject of the origin, tran-
sport and deposition of gravel in fluvial snd interfacing systems in deserts.

The sise of the gravel is dependent on several factors:

1. Joint spacing, determining the sise of potential rock debris.
2. The available power to detach and transport gravel downslope ard downstream.
3. Veathering and abrasion of rocks during periods of repose and trunsport, respectively.

The following are the types of agents that may carry very coarse gravel (large cobbles and
boulders) dowenslope and downstream into the depositional basins:

1. Debrls flows, carrying large nnsorted gravel in a matrix of fine earth materials (Plate
8).

2. Flashy floods, typical to terrains of large rocky outcrops under intensive rainfall.
Debris flows are characteristic of steep hillslopes under long term moderately arid - semi-arid
climatic regimes while flashy floods sre more typical of desert terrains under arid through ex-
tremely arid climates (Gerson, 1982).

The effects of climate are clearly demonstrated by anslysing sedimentary nniis in deserts,
For exampls, high Pleistocene alluvial terraces and fans at the foot of escarpments include in
their sections a high proportion of debris Bow deposits representing climatic regimes wetter
than st present. The lowsr groap of allurial terraces exhibit stratified and lenticular coarse
and fine Quvial sediments, typicsl of the mors arid regime of the Holocene (Gerson and Gross-
msn, 1985).

Many wetersheds in the southera Mojave and Sonoran Deserts show three types of gravel,
oither in a single terrace or in separate terraces (g. D.2). These include fine, well sorted gravel
often in a Lne sarth matrix (red in color), overlain by coarse unsorted gravel mixed with sand,
and sand with some gravel as in many present-day channels. These represent three types of
environments, respectively: 1. Moderately arid to semi-arid or & transition from such a climate
to s distinctly more arid one; 3. An extremely arid to arid climate with coarse gravel avail.
able for transport and deposition by Hash Sloods; 3. Biream channels in watersheds under ex-
tremely arld climatas of long duration, where hillslope colluvia and regolith are depleted and
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Figure 0.1 ORIGIN and DISTRIBUTION of GRAVEL
in STREAM SYSTEMS of ARID REGIONS
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In mawny soil types and other deposits, gravel is a major component and is often found
interspersed with fine earth (sand, silt, clay). With time, these deposits develop a loamy gravel-
free A, and B horisons overlain by a fine to medium sised gravelly desert pavement. Such are
generally old Reg soils and sometimes old Hammada soils (plates 11, 13). The gravel-free hor-
isons are formed by the penetration of settling stmospheric dust with percolating rain and
runoff water. The apaces between the original coarse particles are gradually filled with dust.
Accretion of additional dust forms the gravel-free horisons. It takes seversl 107 yeare for a 0.5
- 1.0 cm thick A, horison to develop, some § - 15103 years for a 3--5 cm thick AB-B gravel-free
horisons to form, and 5-1010* ysars for a thick (several decimeters) gravel-free horison to be
established. Dust accretion in the C horison is rather slow, and it therefore remains highly
gravelly. Concomitant with the accretion of dust there is a gradual salinisation process. The B
and C horisons become gypaic and salic {or caleic) with time (see Chapter C.3). Precipitated
salts eventually constitute tens of percents, by volume and weight, of the non-gravelly frac-
tion. A well developed gravel-free horison in Holocene Reg soils is rather rare. A clear bar and
swale topography on gravelly alluvium (Plate 5B) may be associated with a <10 cm thick
gravel-free or a gravel-poor horison. Well developed late Pleistocene Reg soils may usually
have a8 <25 cm thick gravel-free layer. More frequent are soils with such horisons 5 - 15 ¢in
thick. A similar range of thickness is typical of gravelly soils on talus slopes. The mature
gravelly soils are always associated with s smooth desert pavement, (Plates 11, 14). The upper
part of gravelly sieve deposits stay highly pcrous for very long periods of time. Only very old
surfaces composed of such deposits may have gravel-free horisons, but this situation ia rather
rare. Most Hammada soils are very irregular with respect to gravel content and in-situ rock
blocks. Usually one observes a lateral transition from exposed bedrock into mechanically shat-
tered rocks with some dust concentrated in pockets. Sometimes well developed desert pavement
overlics patches of a gravel-free B horizon (Plates 114, 14D).

Summary

1. The ratio of fine earth to gravel increases with time in most gravelly soils on stable
surfacea (Reg soils, Hammada soils)

2. A gravel-free layer tends to develop in-situ with time under a desert pavement on stable
surfaces composed of coarse alluvial gravel and mechanically weathered hard rocks. A con-
tinuocus, smooth desert pavement usually denotes s gravel-free, loamy-silty horison underneath,
gencrally thicker than 10 cm,

3. A well developed desert pavement iv usually composed of well sorted gravel, 1.5 - 7.0
cm in diameter. This hinders sise estimations for the gravel layers/horisons underlying the
gravel-free horizona. However, there is a general decrease of gravel sise and better sorting
downstresm in a channel or alluvial fan. This principle may serve as a guideline for sise esti-
mation if the gravel ynderlying the surface is of interest.

4. Soil profiles and deposits in downstream reaches usually include more fine earth sized
materials than upstream.

5. Very coarse and unsorted gravel is expected in debris flows and along stoeam channi s
and alluvial terraces of water courses draining steep mcuntaineous watersheds wher hard
rocks are exposed.

6. Hammada soils and Lithosois are most variable in their general content, size and dis-
tribution. Tt is extremely difficult to generalise or predict their gravel composition.
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PART E. SUMMARY AND DISCUSSION

E.1 SOME ENVIRONMENTAL EFFECTS ON DESERT SOILS AND DEPQSITS.

On The Effect Of Climate On Desert Sulls

The climatic regime is reflected mainly through the availability of water -~ the amounts,
duration and intensity of the precipitatition; the frequency of rainfall events, the duration of
dry periods; the rate of evaporation. Wind and tewmperature should be taken into consideration
while evaluating water availability.

The avallabllity of water eHects the following processes and their products:

1. Mode and rate of weathering. Generally, the more arid the climate, the more signi-
ficant is the process of mechanical weathering, compared with chemical decomposition. In ex-
tremely arid environments one should expect predominance of gravel, grit and sand. Under
semi-arid climates grit, sand and fines may be produces in appreciable amounts or even
predominate.

2. Water Infiltration. The depth of water infiltration depends mainly on the amounts,
duration and intensity of rainfall, antecedent moisture, porosity and permeability of the soil.
The thicknesa of the soil profile and the soil horizons, the penetration and distribution of
airborne dust and salts and the modes and sones of weathering — all are dependent on the
inEltrativn of available water. The thickness of the soil profile is a readily observable proper-
ty; in most soils it is directly effected by the degree of aridity. Soils of a particular type in the
extremely arid southern N-gev are shallower than the soils of the same type in the less arid
northern Negev. The shallowness of the Reg soils of Holocene age reflect the aridity of the
latest Quaternary, compared with the thicker soils of late Pleistocene or earlier periods (see
chapter E.2). Similar trends apply to the thickness of discrete soil horisons.

3. The compesition, distribution and content of salts in the soil are controlled mainly by
water availability, depth of water penetration, and evaporation. These factors determine the
degree of leaching and differential precipitation of salts of different solubility — ear-
bonates, sulfates and chlorides. The "gradient” of salinity, the types of salts and the depth of
salt precipitation with climate is generally accepted and is suinmarized by Dan & Yaalon
(1982) and Birkeland (1984). Calcic soils are characteristic of semi-arid to arid terrains,
whereas gypsic-salic soils are typical of the extremely arid environments. However, the distri-
bution of rainfall through the year and the resulting vegetation may change this pattern
through the change of the effectiveness of precipitation. 1n desert ateas of two-season rainfall
regimes or where snow is a substantial companent, there are instances in which extremely arid
environments receiving 60-80 mm of precipitation, lead to development of calcic soils. Such is
the case of the southern Mojave and northern Sonoran Deserts,

For further discussion on the effect of climate and significance of local environmental fac-
turs, such as topograhy and aspe.t, see the following section.




Loeal Environmenta! Effects

The amount, composition and distribution of dust and salts in desert s0ils and deposita are
greatly influenced by three basic elements: 1. Topography; 2. Aspect; 3. Location — relative to

adjacent landforms. These elements may exert their infuence in different degrees and combi-
nations.

1. The effect of topography. The deveiopment of a catena — a sequence of soils along
a hillslope, changing in properties due to the distance from the crest, gradient, drainage and
history of the soil — is relatively rapid. A clear catenary development in young gravelly soils
was found on risers of Holocene alluviai terraces across the Negev . Thick (15-30 e¢m) gravel-
free B horisons have developed at the foot uf these risers and thin AC type profiles are charac-
teristic on the backslopes which have reached gradients of 168°-20°. The general catens is: a.
Reg soils of the ABC type on the tread of the terrace; b, Truncated ABC profiles, into AC

peofiles, on the crest of the slope; c. AC or C profile on the backslope part of the risers; d. Well
developed ABC profiles at the footslopes.

On risers of gravelly alluvial terraces of Pleistocene age there are typical ABC soil pro-
files ajong most of the slope. The catena expresses stability, with gradients < 18°, Leaching is
pronounced, especially on the downslope segments, since these portions receive runofl water

from the upslope areas. Concentrations of gypsum and salts are found at deep horisona in these
20} profiles — 35-60 cm below the surface.

On many hillsopes carved in limestone and dolomite (plate 1A) there is o characteristic
toposequence: a. Lithosols on the crest and backsiope; b. Stony serotems on the lower
backslope and upper footslupe; c. Loessial servsems on the footslope and toeslope (Dan,1968;
Dan et al., 1982). On the lower, colluvial segments there is usually & calcic borison at shallow
depth and concentration of gypsum at deeper horitons (Arsi,1981; Wieder et al., 1985). On the
lower toeslopes, farther from runofl contributing backslopes, there is often a gypsic horison
above s calcic horison — evidence of the very xeric regime in such sites (Arsi, 1681).

Different trends were found on gravelly talus slopes at the base of excarpments {plats 7TA):
The lower portions of the slope carry Reg soils which are less saline and more dust-rich than
the soils on upper segments, due to the activity of runoff and warh contributed frora the latter.

In loessial soils in the semi-arid northwestern Negev there is a trend of formation of a
clay-losm B, horisons on the footslopes — segments that receive both water arnd clays from the
backalope parts (Dan,1966). The soils on the footslope segments are definitely thicker than on
the backelopes and often — on the toeslopes

Within a given hillslope there is often a pronounced difference bet ween the soils of adja-
cent aites. Such a varisbility is observed in the transition from bare rocks ot shallow Lithosols
to loessial Lithosols or Serosems in patches downslope (Danin, 1970; Arsi, 1981); the latter have
in many cases s clay on clay-loam texture and low salt content. Reg soils on Holocene alluvial
surfaces show high variability in texture and salinity (Amit & Gerson, 1985): the solls on
gravel bars tend to be coarser-grained and more saline in their fine earth fraction than the
soils on the swales — abandoned channels — due to wash from the former into the latter.

2. The Influence of aspect — direction of the hlllslope. It ia a well established con-
clusion that hillalopes facing the sun are usually drier than those directed away from the sun.
In the Negev, this was well documented for both soils (Dan,1966; Arsi,1681) and vegetation (Da-
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nin,1970). Several factors that determine the properties of the soil are related to aspect: a.
Water availability and efectiveness. The direction and inclination of falling rain are ¢con-
trolled by wind direction and velocity, respectively. Thus, more rainfall reaches west and
northwest facing hillslopes than east aud southeast facing hillslopes in the Negev
(Sharon,1983). Hillslopes facing northwest and west may receive 30~70% more annual rainfall
than those having the opposite direction. The differcnce during discrete rainstorms may reach
50-100% (Sharon, 1980). Desiccation of sun-facing hillslopes render them more arid than those
facing away from the sun. In the case of the Negev both rainfall direction and sun direction
combine to accentuate the differential moisture between north and west facing hillslopes
versus south and east facing ones. b. Vegetation manifests the difference in aridity very clear-
ly: in the arid hilly northern Negev one usually finds the sygophyllum dumosum (sage brush)
plant associstion on south facing hillslopes, whereas the Antemisia herba-albae (burley bean
caper) plant association predominates the north facing ones {Danin 1970).

Dust aceretlion, being dependent on wind direction and velocity, surficial moisture and
vegetation, illustrates the effects of aspect. For instance, there is 8 thicker loess mantle on
north facing hillslopes than on south facing ones in the northern Negev (plate 2D). The same
trend is apparent in the depth of salt precipitation — it is shallower in s0ils on south facing
hillslopes.

3. Location relative to adjacent tandforms. Dust and salts, as allochtonous materials
in most desert soils, are sometimes derived frow landforms and physiographic regions adjacent
to the site in question. Soil at sites iocated downwind of source areas of dust or salts will show
larger amounts of these materials and a rather high degree of development. For example, in the
southern Arava Valley -— a region located downwind of vast source areas for dust and salts;
northern winds blow over this area most of the time. The soils and depcsits in the southern
Arava are richer in fine sand, dust and salts than soils and deposits of comparable origin and
age further north along the Dead Sea Rift. Another examjie is the lava flows of latest Pleisto-
cene age in the Cima Volcanic Field in the southern Mojave Desert (Wells et al., 1984): large
amounts of dust have been trapped in the Hammada soils on this flows, located downwind of
the source aress of Soda Lake and Silver Lake playas (see chapter E.2: Rates of Duat Accretion
in Deserts).

On The Impact Of Climatle Fluctuations On Arldic Soils,

Climatic regimes, if in effect for a sufficient length of time, may produce long-standing
prints in sorme types of aridic soils. Pedologic activity during periods of several 103 to several
104 years is necessary to refiect a particular climatic regime. The elect of such a regime may be
overshadowed by certain local effects as describes in the previos section.

The properties, or qualities, which depend on climate in aridic soils are;

1. The thickness of the soil profile and the soil horizons.

2. The texture of the allochtonous dust-sited fraction.

3. The composition and the distribution of the secondary, pedogenic salts in the varioys
soil horisons.

4. The altered mineral spacies, the quality of the iron oxyhydroxides and the clay
minerals in the soil.
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8. Certain micromorphological features such as clay filma.

All these characteristics are largely dependent op the hydrologic regime at the surface and
within the soil profile. The hydrologic regime is controled by both the climatic elements —
precipitation, temperature aud wind, and by the hydraulic properties of the parent material or
the soil profile. The latter changes significanly with time (see chapter C.1)

There is no sufficient data about some of these [actors; eapecially there is no quantitative
analysis or sound guidelines for their combination to be applied to a paleoclimatic interpreta-
tion. However, several trends should be emphasised here.

1. The composition and distribution of the pedogenie salts are indicative of the
effective moisture. The differentiation between CaCOy-rich soils and gypsum-salt-rich soils
may serve as a sound basis for separating moderately arid to semi-arid environments from arid
toextremly arid ones {Dan & Yaalon,1982). For example, while calcic soila are predominant in
the semi-arid t0 moderately arid northern Negev, the soils in the extremely arid southern
Negev are gypsic-salic. Wherever we do find caleic soils in the southern Negev, they are pre-late
Pleistocene paleosols or have developed under special environmental conditions. In some
areas, such an the Grofit Plateau, we find thick (2-15m) caicic loessial paleosols similar to
those formed during the middle to late Pleistocene in the northern Negev.

2. The thickness of the soll profile serves as an indicator of the depth of penetration of
meteoric water. This property, if compared in soils formed on similar parent materials, may be
used for asressing the relative availability of moisture, reflecting eflective precipitation. A
case in point is Reg soils on Holocene versus Pleistorene alluvial surfaces: the soils on the
Holocene surfaces are shallow — less than §0 cm in depth — whereas many late Pleistocene
Reg eoils are thick — more than 1.0m in depth. The latter have developed under climatic re-
gimes that niust have been effectively wetter than the former. It is not the time factor that has
led, indirectly, to the development of the thicker, older soils; available moisture had to be effec-
tively larger (for elaboration on late Pleistocene climates, the reader is referred to Horowitz,
1979; Goldberg, 1981; Gerson & Grossman, 1985).

3. The mineralogical composition of some soll components may bare evidence to
past climatic regimes. However, most of these mineralogical components should be taken only
as indicators to climatic regimes and climatic changes and in most cases not as a conclusive
evidence. In section 1 above we have described the existence of calcic paleoscls in areas where
gypsic-salic soils are the rule st present. Clay composition of aridic soils is often mentioned as
a possible indicator of different past climates. The composition of the dust fraction in aridic
soils should be treated cautiously since most of it is derived from airborne sources. The compo-
sition of this recycled dust is determined by the weathering processes in the original sites of
production, by the alteration in former sites of deposition and by the mixing of dust from
differnt sources. However, few components may still serve as climatic indicators. One example
is kaolinite in suils located in sites where kaolinite is not preferably abundant. In some soils,
such as fussil Terra Rossa and caleic argillic paleosols, there is a predominance ol kaolinite,
much of which is well crystallised; this is so in terrains where montmorillomite is predom-
inant ir. the younger soils which kave developed under climatic regimes similar to the present.
The former soils have developed vnder climates wetter than at present. Gleyed soils are not
frequently found in deserts. However, we do observe traces of reduction and gleysation in old
paleosols in sites whare no such processes are active at present; stream valley bottoms are one
case, Former flood plains were in some instances perennially inundated whereas the present-

Ed

SRR g
o e i o £




‘\\“ﬁl. SO T

Y

day channels are ephemeral and dry most of the year.

4. The relative formation and sccumulation of the various lron compounde — goethite,
ferrihydrite and hematite — may point st the climatic regimes under which the soil has
developed {(McFadden & Hendriks,1985). Hoewer, the separation of the effects of the time factor
from those of climate is still s major drawback in the interpretation.

5. Micromorphological features hold potential for a paleoclimatic interpretation. For
example, clay films are abundant in gravelly soils that have developed under modetately arid to

semi-arid climates whereas in such soils developed under extremly arid climates they are ab-
sent or only slightly apparent.

We may accept an interpretation of past climates which were differont from the present in
cases where several soil properties support such a case. Only in certain cases may we use »
single property as a conclusive indicator of a different paleoclimate — calcic soils in sites
where gypsic ones ars presently characteristic and gleyed paleosols in sites where gleysation is
not active at present. In the case of fossil Terra Rossa in desert terrains we belive there is no

doubt about past climates very different from the present (the present is treated here as if it is s
time for which the climate is fairly well known).
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F.2. EVALUATION OF DUST IN DESERT TERRAINS —
COMPOSITION AND AMOUNTS

Note: Chapter E.2 emphasises results and conclusions of Parts Cand D. See the summaries of
the chapters in the parts for additional conclusions.

The Composition of Dust

The cowposition of the dust fraction in desert soils and deposits is related to several
sources, such as parent material, the composition of allochtonous — mostly airborne — dust
and the nature of the precipitated salts. The composition of the airborne dust is largely re.
flected in the dust fraction of most desert soils and deposite. Generally, it is composed of -50%
of medium to coarse silt. Minor amounts of clay and fine sand are always present. However,
sddition of various sise-fractions or diferentiation by pedogenic processss may significantly
change the original sise distribution according to location, topography, climate and sge (see
chapter E.1). Especially important Is the contribution of sand from eolian and Buvial sources.
Soils in areas close to actively contributing sandy terrains are usually sandy to sandy-loam in
texture, whereas the texture of soils several tens of km or more from such areas are generally
silty-loam to silty-clay (see chapter C.1). The soils and deposits which are largely derived from
distant eolian sources are usually of finer texture,

Table E.2.1 summarises the general properties of the soils and the deposits analysed in the
present study. There is no single principle which can gtiide an objective grading of desert soils
according to their dust content, composition and distribution. Hence, the types of soils in
table E.2.1 are organised according to the following guidelines:

1. The abundance of dust in the soil profile — maximal in loessial and Takyr soils and
minimal in active sand dunes and coarae gravelly alluvium,

2. The association of the soil (or deposit) with a particular type of landform (see chapter
A3)

3. The sge of the soil, ~ithin a given s0il type. In most soils there is an increase of the fine
fractions (including precipitated salts) with time.

Figure C.1.16 expresses the dust content in the various desert roils and deposits in the
Neger and the Sinai. A surmr.1ary based on the data presented in chapter C.1, table E.2.1 and fig.
C.1.16 emphasises the followir.g points concerning dust In the different solls:

1. Loessial solls.

Young loessial soils are ususlly silt-loam in nature whereas well developed loessial soils
have a texture of silty-clay and silty-clay-loam. These solls are usually devoid of gravel and
coarse sand. Loessial Serosems are composed mostly of silt and clay but their particle sise
distribution varies greatly. The amount of fines (silt+clay) in loessial soils usually exceeds
60% and often reaches 80%. The rstio between clay and silt usually ranges between 0.4 and
0.3. Generally, these soils are similar in texture to settling atmospherlc dust.

2. Takyr solle

Young Takyr soilu are silt-loam in texture, whereas weli developed Takyr soils are usually
silty-clay and silty-clay-loam. The soil is composed of 60-100% dust, including ¢0-60% clay.
The clay/silt ratio is ustally 0.6-2. As with locssial scils, they are similar in texture to set-
tling atmospheric dust.
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TABLE E.2.1 SOIL TYPES AND SURFICIAL DEPOSITS IN DESERTS: GROUND COVER,
PROFILE CHARACTERISTICS, DUST AND SALTS
1 2 3 ‘ & 6
. 8011 Type;Type of Ground Cover Thickness of Horizon  Thickness cf 811t « Clay., % Aversgs o1l
Surficial Depoeit 801l / Deposit Horteon of the ¢ Zmx Eetinated (averag
Fraction(average) «¢ 2za, % Clay
% El
Type ot Average rangs average Tange averagoe cc
Cover Cover,% (1] ca cm ca ain BAX ave 1t
Loess loase cruet 100 43-12%0 131 A 6-36 20 18 19 81 100 37.2
-] 98-132 114 ae 92 656 100 44.1
c 96-120 108 17 79 62 100 -
Brown Loessial 100
Boil sandy loso A 7-41 24 64 70 84 100 -
8 73-104 68 a1 72 (1] 100 -
c 108-138 119 60 84 é1 100 -
Ligbt Brown 0llty clay 166-210 167 A 0-28 14 a0 [-1] 48 100 -
Loessial 8011 losm crust 100
] 54-8B0 87 20 87 61 100
c 116-187 138 4 02 1] 100 -
Loesslsl Berozeas loess witd
soms rock 62-193 a7 A 1-17 ® 30 [:3) 86 - -
iragments
:] 81-87 74 50 91 7¢ - -
[~ 93-116 104 74 81 77 - -
Bd 121-168 143 71 78 76 - -
Takyr Boil loese cruste 100  40-180 89 A 1-14 7 (14 100 83 96-100 41.2
] 13-122 10 1) 100 79 96-100 68.2
i
| c 36-66 50 &4 100 84  9E-100 33.8
. Solonchack Soil o8l crust or
' 1 esline loeeeinl 30-140 102 A 8-12 [] FBY -1 81 90-100 3.8
/eandy crust 100
! B 80-102 88 ae o1 99 60-100 -
! = c 1644 3o 16 ae 28 50-100 3.4
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y. 3 ’ Aversge 6 Soil Binding Comp
an Estingted (average in the < 2am fr
verage) < 2pm, % Clay Salte

] Electrizal Appro
conductiv- 1mate

ave ity mmho/cm X
I w2 o 0.03
6% 100 “. 1.4 0.09
62 100 - 4.2 0.28
&4 100 - 0.9 0.08
€8 100 - 0.7 c.Cc4
&1 100 - 0.2 ¢.01
T e T o8 0.0¢
51 100 - 0.6 0.03
a8 100 - 0.8 ¢.06
(1] ~ - 3.8 0.186
Te - - 16.8¢ c.08
77 - - 8.0 1.76
76 - - 1.6 1.36
e eeei0 w2 ee o8
7% 06-100 8.2 34.4 2.16
84 96-100 33.6 31.7 1.08
81 90-100 3.8 24.8 1.66
7 60-100 - 4.1 0.20
19 60-100 3.4 80.4 3.78

onents Commants
action)
Gypeus
x- %
- Parent ssterial - loess.
- Land is ueually cultivated.
- Variable friability of eurficiesl
--------- crust,
- The natural vegetation le of
grass steppe type.
The e0l1l containe pedogenetic
- CaC03
>
0.6
2.9
8.8
8.2 Tea

0.6 High soil molsture during at lesst
peart ¢f the year.

Ncte zonatlon according to particle
4.0 fl2e, ealinity and vegetation.
A relatiwvely bigh sand zontonis 1in
4.5 cosstal belts and 1n terrains adjacent
to sandestons exposures
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TABLE E.2.1, Continued
Soll Type;Type of Ground Cover Thickness of Horizon Thickness of BLlt » Clay, % Lverage So1l
Surficlal Depoesit 8011 / Deposit Horilson o! the < 2anm Estipated (avarag:
Fraction(averags) < 2za, % Clay
X £l
Typs of Averags TANg® average Tange average cot
Cover Cover,% cm ca cm co min Bax ave 1t
Surflcial Sediment
Coarse Alluvium Coarse gravel 100 10-100 67 A - - - - 12 - tr.
c - - 4 1) ] - tr
Reg So0ll,Holocene desert pavement 48 36-60 40 A 2-5 3.6 16 88 60 20 11.2
(130e)
fluvial gravel 42 B 3-9 6.6 14 8B 60 26 14.2
loess crust 10 c 14-40 27.1 1 78 a3 20 4.8
Reg Soll, desert paveoent 84 80-136 53 A 1-¢6 4 14 84 49 40 6.8
Plelstocene
loeds crust 16 ;] 10-22 18 12 B8 48 40 12.7
c 30-563 42 3 a4 a3 40 10.4
Bb 20-84 27 18 .1} 66 - 16.8
Reg Soil, desert pavesent 97 160 160
Tertisry
loess crust 3 Bre 0-12 10 1] e8 78 80 22.9
Bb 100 100
Gravely Regosocl loces gravel 93 ao-160 68 A 8-16 8 3 14 47 ao 11.1
sand and losse 7 B 2-9 [ [3 82 20 40 3.6
c 33-38 36 7 76 a9 10 6.4
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LSl + Clay, %
5t the < 2mm

aln BRaX ave
- - 12
4 ] )

68 -1} 78

Avarage
Estimates
Fraction{average) < 20om, %

80

Soil Binding Components
(average in t3e < 2mm fractlonm)

Comments

Poor cobesion. Low clsy content.
Good water penetration.
Scattered bushes and trees.

Notes on Reg Soils:
Highly gravelly solls.

Mostly devold of vegetation.
A horizon 1 bere defi:ed as tLhe

fine top soll .nderr-
surficlal cover.

and between

The soll 19 moly. “uring
and after intrequeat raintall
svents, usually to depth < 20 ca.

®Hoiocens Reg solls 60-130 cm thick

are rather rare.

evA single profile;
were sampled,

only P borizons

Cilay Saltse Gypsus
3 Electrical Approx- L
conductiv- inate
1ty saho/ca %
tr 10.¢ 0.88 0
tr 21.6 1.36 0.1
1.2 8.0 0.5 0.8
14.2 i4.2 0.89 2.8
4.8 12.0 0.76 2.1
9.8 1v.3 0.84 [}
12.7 22.7 1.42 8.6
10.4 20.7 1.29 e.8
16.8 18.3 1.02 30.0
22.9 17.8 1.11 10.9
1.1 30.7 1.92 5.8
3.6 8.9 0.66 1.2
6.4 10.2 0.684 3.5

The gravelly Regosols presented
here are developad on sleve
deposite. on talus slopes.
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TABLE E.2.l, Continued
So11 Type;Type of Cround Cover Thickness of Horizon Thickness of S1lt + Clay, % t=nrrage So1ll
Surficiai Deposit Soil / Deposit Horison of the < 2am Estizated (average
Fraction(average) < Zme, % Ciay
% tle
Type of Avarage range Average range average cont
Cover Cover % ca ca cm (3 min max ave ity
Haomada Soil coarse angular
gravel 8¢ 30-100 60 A 1-8 4 61 92 70 36 12.7 4
loees crust 14 B 8-21 16 20 a8 8¢ 66 18.6 2%
[of 32-80 41 18 84 40 36 18.6 H
Lithoscl rock fragments b0 66-100 40 A 0-~14 7 ar 79 61 - - 4
Serozem
- €
loeas & 1ine 50 B 18-39 27 68 84 71 -
sand - 1
¢ 24-40 82 80 a2 -
Stony Allurial rock fragments 60 40-240 142 A 2-18 10 39 86 be - - ie
Serozen
loess & fine 40 B 62-78 86 27 a3 78 - - 10
sand
C 116-142 120 61 96 70 - - 26
BY 118-166 138 78 89 83 - - 6
Alluvial Gand fine sand 100 108-300 168 A 0-36 17 18 29 22 100 - 0
B 44-00 &7 8 29 18 100 - 0.
c 142-188 186 2 11 6 100 - 0
Ssndy Regosol fine eand 100 40-260 193 A 0-49 20 - - 12 100 - 0
c 142-188 186 ¢ 18 13 100 - 0
Brown Alluvial ellty clay
801l loam Cruet 100 200-260 121 A 2-8 10 29 71 48 - - 13
:] 86-120 102 1] 8% 74 - - 28
[ 87-121 104 10 8as 42 - - 11
BY 113-160 18! - - - - -
Ey
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Average Soli inding Componentes Comaents
Eeticated (average in the ¢ 2mm fraction)
o) < 22m, % Cilay Salts Gypaun
% Electricai Approx- %
conductly- imate
} ity =amho/ca b ]
36 12.7 4.1 0.28 0.1 Highly gravelly solle.
66 16. ¢ 2¢.2 1.390 13.1 Sparse vegetatlon, graes, bushes.
36 16.8 7.¢C 0.44 4.8
-------------------------------------------------- frequently appesr 1in patches, pockets.
- - 4.4 0.28 -
- 6.0 0.38 0.8
4.8 0.29 5.4 :
- - 16.6 1.03 0.1
i - - 10.8 c.68 12.1
D - - 26.4 1.69 7.2 1
: !
4! - - 6.9 0.37 - ’
r 100 - 0.4 0.023 ] Poor conesion of tbe soll and
tke soil crust. .
8 100 - 0.3 0.02 0
Good water psrcolstion.
3 100 - 0.3 0.02 0
2 100 - 0.8 0.02 2 Higher content of fines and bdetter .
cohasion where vegetated (bushas).
3 100 - 0.3 0.01 0 H
8 - - 13.9 0.87 0.2 Tbe soil 1s Blghly variable in k!
gravel content, ealinity and vegetation 2
4 - - 28.0 1.76 0.1 (grase, bushes). E .
2 '
2 - - 11.2 0.70 - The scil mey contaln pndogonﬂ,ic CaCO3 §
E:
- - - - - - One case of Bb. § &
1
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Notes on Table E.2.1 (note number is marked at the head of the appropriate column)

(1) There is no single principle which can gulde an objective grading of desert
solis according to their dust content, composition and distribution. Therefore, the

types of soils and surficial deposits are organized according to the foliowing guide-
lines:

(a) The abundance of dust in the soll profils, maximal in losssial and
Takyr solls. and minimal in active sand dunes and coarae gravelly alluvium.

(b) The association of the soll (or deposit) with a particular type of iand-
form.

{c}) The age of the soil. within a given scil type. In most solis there !s an
increase of fine fractions (including precipitated saits) with time.

A detailed description of the main 8oil types is presented in chapter A.4.

(2) Most soils in desarts develop a surficial layer or crust rather rapidly. Such a
cover is different In composition and structure from the underlying layers or horizons;
often the surficlal layer is more coheslve and may determine the degree of potentiai
of dust emission. Different ground covers are presentad in table E.2.1, according to
their texture, compoasition and the percentage of areai coverage. The types of cover
are (soe details in chapter C.4):

(a) Loess crust (dense and thin - 1-3 mm thick) on loessial soils, Takyr
solls and betwean targe particles in gravelly soils.

(b) Salt and gypsum crusts on Solonchak soils in playas and sabkhas.

(c) Desert pavemant, usually composed of tflat lying gravel developad on
old gravelly deposits, with >40% gravel cover and an Interstitial loess crust.

(3) The thickness of the solil profiles and horizons |8 most variable for many 80ils.
The range and average is not always based on a large number of observations or
measurements. The data include soils of different ages, degrees of development, and
aspects. Hence the range of data should be considered as weli as the averages.

(4) The designation of soil horizons is generalized as A, B, and C without further
subdivigion. This is so for the comparison of the general characteristics of the hor-
izons and incorporation of data from sources additional to those collected in the
present study.

(5) The textural subdivision employad here is as foliows: (a) Sand - 2.0-0.063
mm. (b) Silt - 0.063-0.002 mm. (c) Clay - <0.002mm. Dust is defined as silt and clay
- <0.063 mm.

(6) The data represont es 108 in the fisld. <2 mm includes fine earth, L.e. sand,
8ilt and clay. The remainder is ..d!{ferentiated gravel.

(7) Several soil components affoct soll corsistency. Clay and saits {chlorides,
gypsum, carbonate) are prominent among thess. Chiorides and gypsum are the
characteristic precipitates in the soils here considered. In some other deserts, such
as the Mojave, carbonate pradominates. Eiectrical conductivity represents tha con- ¢
tent of soluble salts, mosily NaCl; 16 mmho/cm equais approximately 1% of solubie
salts. The data presented here are in parcents of the fine earth fractions of the soil
or deposit. The quantiiative effects of earth of the three components on their ob-
serysd conbinations ars not yet established.
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3. Solonchak solle

These soils — very poorly developed — reflect the parent material in which tney are
formed — fluvially detived playa and sabkha deposits. In the southern Arava Valley and
along the Gulf of Elat coast they are composed of sand, loamy-sand and sandy-loam;
30-70% sand, 10-20% wsilt and 1-10% clay. The clay/silt ratio is usually 0.6-1. The
amouynt of gravel is usually very low — <5%.

4. Reg solls

Theae are silt-loam to clay-loam gravelly soils. In young — Holocene — Reg soils the
fine earth is composed mostly (75-90%) of fractions coarser than 0.016mm; The dust frac-
tions is usually 15-40%. Older Reg soils, in sreas where there is no appreciable contribu-
tion of eolian sand, are rather Gne textured: silt — 30-80% and clay — 11-258%. 60-85%
sand in the soil is frequently encountered in sreas adjacent to sandy terrains. The ratio of
clay/silt is usually 0-0.4.

5. Hammmada solls

These are silt-loam to sandy-loam gravelly soils. The ratio between coarse silt and
fine silt+clay decresses with depth. Dust content in the fine earth is 40-60% and the
clay/silt ratio ranges bet ween 0.1-0.6.

8. Lithosols and Serose n solls

Both soil types are very diversified in nature. Dust content in the fine earth is usually
80-80%; most of the remainder is fine sand.

No good correlation was found between the content of silt and clay (chapter C.1). The
most varisble clay/silt ratios in different dust storms and rainfall events, as well as the
high variability in wetting events and the properties of the parent material are the main
causes for such a situation.

The composition and content of salts variesin the different soils. They are calcic
in the moderately arid and semi-arid environments and gypsic-salic in the desert terrains.
Following is a brief summary of the composition and content of salts in the soils of the
Negev and the Sinaj (further details and analysic are presented in chapter C.3 and table
E.2.1):

1. The least saline are the loessial solls — <0.1-0.7% gypaum. The salts are usually
concentrated at depth <30 cm.

2. Takyr solla are saline — 0.3-2% salts and 8-10% gypsum. In basins which are not
completely closed the scils are definitely less saline — 0.1-0.2% salts and gypsum.

3. Solonchak solle are highly saline, especially in the inner playa sones; 2-10% gyp-
sum and 0.5-8% salts are frequently encountered, but higher degree of salinity values were
observed in many instances.

4. Reg solls are also saline. In Holocene Reg oils there is <10% gypsum and <2%
salts. The higher values are encountered in the C horison. In older Reg soils there is a high
concentration of gypsum —<20%. Salt content is usually <2%, but often there is a petrosalic

horison at depth of 0.80-1.5 m below the surface. Hammada solls are similar in salinity to
Reg soils.
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5. Lithosols and Serosem solls are usually saline — 0.1-15% gypsum and 0.1-1% salts.

6. The gypsumisalts ratlo is usually the higheat in Reg soilse — <10. In Takyr and
Solonchack soils the ratio ranges between 1:1 and 4:1. There is some leaching and wash of salts
in gravelly aoils whereas most of the gypsum is precipitated and is not leached away.

There is no correlation bet ween the amounts of gypsum and other salts or between salinity
and dust content. The evolution of soils under extremely variable conditions is a major reason
for thie situation (see chapter C.38).

The mineralogical composition of the particulste non-saline components of the dust
fraction is determined by the petrographic composition of the parent msterials in the source
aress. Much of the dust is of mixed sources and has undergone aeveral or many cycles of weath-
ering, mobilisaticn, transport and deposition. Hence, in many areas there is only a partial
effect of the comrosition of the local bedrock on the composition of dust. Most of the silt in
the Negev and the Sinai is composed of quarts, calcite, feldspar and dolomite. The clay frac-
tion is dominated by montmorillonite, with secondary amounts of kaolinite, illite and quarts
(see chapter C.2). Similar composition prevails over much of the Middle East — a region large-
1y effected by Saharan dust (see part B).

The effect of the local regional lithology is demonstrated by an area on the southern Rio
Grande Rift ("The Deaert Project” area; Gile et al., 1981) in southern New Mexico. There, in a
region of wide exposures of scidic igneous rocks, there is a predominance of quarts, feldspar
and mica in the fine sand and silt fraction. Montmorillonite and kaolinite are abundant in the
clay [raction.

Only limited exposures show a definite compositional evidence of past environmeats, dif-
ferent from the present; for example, fossil kaolinitic Terra Rossa is found in certain areas of
the arid central Negev (see chapter E.1 for elaboration).

The Amounts Of Dust In Desert Solls And Deposits

The environmental factors that determine the amounts and nature of the dust in desert
soils and deposits are described in detaile in chapter E.1. Generally they are: 1. The nature and
proximity ol the source areas; 2. Climate; 3. Location; 4. Topography; 8. Aspect; 6. Surface
roughnesas; 7. Vegetation; 8 Hydraulic characteristics of the material near the surface.
According to the amounts of dust imported into an area, the quantities of settling dust and
surficial properties, one may grade the general terrain types and the soils with respect to their
dust content, from the richest to the poorest:

1. Loesslal terrains — composed mostly of eolian and reworked silt, clay and fine sand.
Such terrains are rich in dust due to a combinatjon of their location with respect to the sources
of dust, the stmospheric circulation and the climate — moderately arid to semi-arid — that
lead to s high rate of dust settlement and a most efficient dust-trapping vegetation. Thick man-
tles of dust-rich deposits are typical to these terrains,

2. Playa centers — areas where dust-sizsed materials accumulate through fluvial wash,
differential transport and sorting. Takyr solls, which are composed mostly of silt and clay
are derived from these deposits; eolian dust is added to the surface especially during periods of
episodic ponding or wetting.
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3. Gravelly terraine serve as efficient traps for dust due to their high surficial roughnes
and porosity. Keg nolls are solls with varisble amounts of dust; the most developed are soils
on Pleistocene coarse-alluvial surfaces . These usually Include rather thick {8-30cm) gravel
free A,-D horisons. The C horison ls & grave!l-rich layer with variable amounts of dust-sised
fractions. Old Hammada eolls are of similar nature. In certain cases the rate of dust accu-
mulation may be especially high. An example is the Hammada s0ils on highly porous lava
flows in the Cima Volcanic Field in the southern Mojave Desert, located downwind of extensive
dust-producing playa surfaces. More than 1 m of a gravel-free B horison has been developed
during a period of less than 20,000 years (Wells et al,, 1984).

4. Stable sandy terraine are good traps for settling dust. Sandy-loam and loam texture
develop on such surfaces.

5. Other terrain types, such as hillslopes with Lithosols on them, carry varying
amounts of dust.

Table E.2.1 and figures C1.18 and C.1.17 should be consulted for further information.

The Thickneeas Of The Dust-Rich Surficial Mantle

Since most of the dust in desert soils and surficial deposits was derived from the atmo-
sphere, and was emplaced by pedogenic processes, there is a general tendency of high dust con-
centration to be near the surface and a lowering of the dust content with depth. However, there
are terrains in which the accumulation of dust is continuous and the thickness of the dust-rich
layer is considerable. Such are the cases of loesslal terrains and Takyr solls, which may
reach thickness of many meters of continuous silt and clay deposits and paleasols. In sand
dune terralns there is sometimes a situation in which eolian sand and dust are added in low
rates to a atabilised sand surface. The result is ucually a thick layer of sandy-loam or loam. In
Solonchak molls, being soils of poor pedogenic development in playas and sabkhas, there is
also & significant element of accumulation. Under the rather shallow soils that are often en-
countered, similar such paleosols may be buried. The thickness data that are presented in
column 4-5 of table E.2.1 for the above mentioned aoils represent only the characteristic soil
profile exposed at the surface in the Negev and the Sinai. Buried deposits and paleosols of
similar nature should be considered.

Soils and deposits of non-cumulic nature present thickness according to their environmen-
tal conditions, such as climate — past and present, parent material, location and topography.
As a general rule, the more arid the environment, the more shallow is the soil. In sites under
extremly arid climates and/or of flat topography or in the upper parts of hillelopes, there is a
low concentration of water aud the penetration of dust and ealts is rather shallow. Holocene
Reg solls and young Hammada soils in the Neger and the Sinai are rather shallow —
<50cm — since they have developed under arid to extremely arid conditions on flat to gently
sloping geomorphic surfaces. Old (latcimost Tertiary to late Plelstocene) gravelly solls
on such surfaces are thicker and often attain depths of 140cm. Such soils have been during a
part of their evolution under a moderately arid or a slightly wetter climate; the penetration of
water, dust and salts has been deeper. Colluvial solls on foot-slopes and toeslopes may
also be thicker than the soils on the upper parts of the hillslopes, due to both cumulic nature
and the concentration of water from the backslope areas (Dan, 1986; Arsi, 1981).
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On The Varlability In The Amounts And Composition Of Duet In Desert 8olls

The data in Table E.2.1 present a rather high degree of variability in dust and salts con-
tent, composition and thickness, The variability is reflected in four levels: (a) Between soil

types. (b) With:u & given soil type. (c) Between soil horisons in a given soil type. (d) In any
particular soil horison in a given soil type.

Several topics are of interest in this respect: (a) The thickness of the soil profiles and soil
horisona. (b) The proportion between gravel and fine earth materials (sand, silt and clay). (¢)

The content of dust (silt and clay) within the fine earth. (d) The content, composition and
distribution of salt snd gypsum in the soil.

There are many factors which cause the cbserved degrees of variability in the soil charac-

teristics. These factors are discunsed below; they have to be evaluated in conjunction with the
data of Table E.2.1 {see elaboration in chapter E.1):

(a) Local parent material strongly affects s0il nature in deserts. Two main soil groups
may be defined: (1) Gravelly soils which develop in-situ within weathered hard rocks (Hamma-
da p0ils) and coarse gravelly deposits (Reg soils). (2) Non-gravelly soils which develop on fine
grained deposits (loessial soils, Takyr soils, sandy soils) and fine grained friable rocks

(Lithoscls). Porosity, permeability and trap efficiency are greatly affected by the texture and
structure of ths parent material.

(b) Introduction of added — secondary -~ materisls: dust, sand and salts.
Addition of autigenic materizls into receptive parent materials or a trapping surface is dom-
inant in the evolution of desert soil:. Three aspects are significant in causing a high degree of
variability in the nature of desert soils: (1) The composition of the intzoduced materials. One
exzmple is the change in the texture of loessial soila — sandy proximal to the provenance of
sand (2s in the westrern Negev; g in fig C.1.1A) and loamy, silty or clayey distal (and
downwind) to sources of sand (¢, d in fig. C.1.1A). (2) Mode and rate of introduction. This is
affected by the porosity and permeability of the receptive parent materials and by the method
of introduction — wet (by rain or wash) or dry (from windborne dust). The amounts and com-
position of the introduced materials vary greatly due to changes in the proportional activity
of different processes. Widely open textured sieve deposits al:sorb dust in dry and wet modes to
great deptha, whereas coarse alluvium with sand is less penetrable. Dust accretion in gravelly
environments in deserts is usually subsurface, whereas high rates of surficial saccumulation are
typical to loessial terrains in less arid environments and playa aurfaces,

T A

{e) The effects of location and topography. As in parent material, local changes in
microtopography are most frequent in desert terrains. Their effects on the local hydrolagic re-
gime and trap efficiency for dust and salts are pronounced. They lead to high variability in
dust and salt content and composition. One example of the variation is the dust content and
salinity of Reg soils developed on coarse gravelly bars versus finer grained swales. The effects .-
of such initial local features are observed in soils sevaral 103 to few 10% years of age.
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The effects of the aspect are readily observed in some soil types. Among those are the
loessial s0ils, Serotem s0ils and Lithosols. The variation between differently exposed soils is
expressed in soil depth, thickness of soil horisons, particle sise distribution and sslinity. An
example is the thin loessial Serosem soils or south-facing hillslopes versus thicker, less saline

Joessial scils on north-facing hillslopes in the northern Negev; the difference dep-nds on both
moisture regimes and vegetative cover on the respective hillslopes.
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Some systematic variations in soil properties are found on certain iandforms; sonation
and catenary changes are cbserved. For example, there is a systematic variation in salinity in
Reg soils on talus slopes from the upper to the lower slope components (table C.3.1). In playas
there is a definite sonation with respect to particle sise and salinity from the margins towards
the center (plate 3B; figures C.1.9, C.3.3).

A major factor mmay be the proximity of a sitc to a certain source area for introduced ma-
terials — sand fields, sandstones, salt Sats, ete.

(d) Climatlic regimes and thelr changes. The efect of climate on the soil and deposits
in the aridic environment is illustrated by the proportion of dust and coarser materials in the
soils in the Negev (fig. C.1.1A,B). Loessial ¢oils in the semi-arid northern Negev; Hammadas
and Reg soils in the arid - extremely arid central and southern Negev. The proportion between
dust and gravel generally changes from the less arid northern Neger to the extremely arid
southern Negev and eastern Sinai.

Climate is well expressed in »0il salinity. An example is the degree of salinity and its
distribution in loessial soils of the Negev (fig. C.3.1,2): the more arid the climate, the higher
the salinity and shallower is the saline horison.

Most Holocene and older scils have developed under an ever-changing climate; they are po-
lygenetic in nature. Paleosols and paleosclic horisons sre widesprrad and are certainly a ma-
jor source of soil variability. The loessial soils of the northweste. n Negev exhibit a sequence
of paleosols in their cummulative section. Fig. C.1.15 illuatrates the effects of fuctuating cli-
mate while loess was accumulating. The different climatic regimes are reflected by the change
in soil texture as well as by the CaCO, content.

Most Reg soils on Pleistocene alluvial aurfaces are relict paleosols, developed under fluc-
tuating climatic regimes. Many of these soils have undergone environmental changes which
include climates wetter than at present. The effects of these wetter regimes is expresaed in both
the thickness of the soil profiles (<1.4 m) and the relative abundance of fines.

(c) Age — the effect of time. The rate of evolution of some soil properties changes and
usually decreases with time (Yaalon, 1871; Birkeland, 1974). Amcong the properties here exam-
ined are relative amounts of dust and saltsin the fine carth fractions of the soil. Figures C.1.5,8
and C.3.6 illustrate neveral general trends for the example of Reg soils: (1) There is a general
decrease in the percent of dust after several 103 years. (2) There is a very high variability in the
content of dust in soil on any given pedomorphic surface. (3) There is a general increase in the
rate after several 103 years. (4) There is a very high variability in the content of salts in the
scil on any pedumorphic surface.
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Rates Of Dust Aceretion In Deserts — The Case Study Of The Negev

The rates of dust accretion in desert terrains is most variable, These rates depend on
several factors:

1. The flux rate of airborne dust into the ares under consideration. The flux rate is related
to the type, proximity and direction of the source areas, a9 well a0 to the atmospheric circula-
tion and wind speed and direciion.

2. The nature of the airborne dust — particle sise, composition and hygroscopy.

3. Climate — the regime of precipitation, air temperature, air humidity and winds.

4. The relief, gradient and sspect of the terrain.

5. The rcughness of the surface, whi. =ffects dust settlement by determining boundary
wind velocity (Gillette, 1981), rate of runoff and slopewash and surficial trapping of dust.

8. The hydraulic ckaracteristics of the surficial material — porosity, pore sise, pore rela-
tionships and permeability. Flurial gravel and sleve deposits are example of highly porous and
permeable materials,

The quantitative nature of some of these factors is not yet recognised and the eflecis of
their combinations and interrelationships are not known. However, we have attempted to esti-
mate the long term amounts of dust trapped at or near the surface and caleulate the rates of
dust accretion for two types of environments — desert soils and archeological sites.

Dust accretion is dependent on trap efficiency. Trap efficiency is defined here as the ratio
betsvecn the flux rate of settling dust and the rate of dust accretion. The latter is defined as the
long-term rate of deposition of dust at a particular site. Some sites have smooth surfaces as
well as low porosity and permeability; their trap eficiency is rather low. Other sites may have
rough surfaces, low gradients or high porosity; their trap efficiency is high. There are terrains,
such as loessial plains, in which dust is deposited rainly at the surface. Other terrains are
characterised mostly by subsurlsze accretion; dust penetrates and builds subsurface cumulic
horisons. Reg and Hammada soils are examples of this latter type.

In some caces there is & decrease of trap eficiency with time. Several factors lead tosuch a
development:

1. A decrease of surficial roughness, which leads to a significant reduction of dust settle-
ment and accretion. Sutficial roughness may decrease through the deterioration of the vegeta.
tion (due to desertification), by filling of depressions by dust or by mechanical weathering of
coarse gravel and smoothing of the surface into a desert pavement. The formation of smooth
crusts is characteristic to several types of desert surfaceo (see chapter C.4). Lesser amounts of
dust are being added to smoother surfaces.

2. The accretion of dust and ealts in shallow subsurface layers, as in the case of Reg soils,
leads to decreaning penetration of dust and increasing runoff and surficial wash. Well
developed Reg soils, with a smooth desert pavement — gravel with Interstitial loess crust —-
overlying an argillic gravel-free B horison, induce high runoff yield and wash, as compared to
leas developed such soils (Grinbaum, in prep.)

The most rapid aceretion, then, occurs on surfsces of high roughness and porosity, such as
vegetated loessial terrains or young gravelly deposits. Most of the soils and the deposits
described In the present study are of unknown age. However, several tens of the studied
pedomotphic surfaces are dated or their age is estimated by srcheologic finds or relstive-age
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dating methods (Amit & Gerson, 1985). Some surfaces or soils were dated radiometrically. The
amounts of allochtonous dust and the age of the soil or the deposit enable us to present the
rates of dust aceretion in some solls in the Negev:

1. Reg solis on early to middle Holocene alluvial surfaces contain 10-20% of added
airborne dust (see chapter C.1). Such a content implies average rate of accretion of 5-15
gr/m?/yr, or 0.003-0.0imm/yr of dust. As emphasised above (and in chapter C.1) the rate of
dust penetration decreases with time. This is manifested even during periods of 5103 years
{Amit & Gerson,1985). Dust accretion during the first period of several 10® years may be in the
order of 0.5 mm/yr.

2. Reg solls on slluvial surfaces of late Pleistocene and late middle Plelstocene
age contain variable amounts of dust, most of which is allochtonous. The content of added
dust is 20-40%. Adopting an sge estimate of 50-20010° years for those soils yields an average
of dust sccretion of 1.56-15gr/m3/yr, or 0.001-0.01 mm/yr. Again, much of dust was added to
the soil in early stages of evolution, s0 that the actual rates may have been much higher.

3. Stabllised sand dunes, originally devoid of silt and clay, have trapped some 5-10% ol
dust to a depth of 30-60cm during the last several 103 years, an average rate of 0.001 mm/yr.

4. Thick manties of loees and loessial solls have developed in the northern and
northwestern Negev during the middle and Iate Quaternary. There are three areas for which
there is some information on the estimate of the rate of loess deposition: a. Netivot, which
represents a vast area of the northwestern Negev . Data on loess thickness and age by Bruins
(1976) yield average rates of 0.lmm/yr or 160gr/m3/yr of dust accretion. b, In the Ramat
Hovav ares, some 15 km south of Be'er Sheva , there are eolian loessial deposits that have accu-
mulated st average rates of 0.1mm/yr (or 160gr/m2/yr; Ensel, 1983) — similar to the rates
calculated for the Netivot section (a, above). In these loessial terrains one observes several cal-
cic horisons and changes in clay content, which roay point st significant fluctuation in the rate
of dust sccretion during the late Quaternary. Climatic chang- s are uloo implied (see chapter
E.1: On the Inpact of Climatic Fluctuations on Aridic Soils). ¢. More diffcult is the evaluation
of the average rates of dust depusition in some closed or "semi-closed” basins in the Negev , in
which the loess was deposited by both Buvial and eolian agents. The dating of the deposits is
also controvertial. One example is the bxsin of Sde Zin, in the northern central Negev. There,
5-10 m of Auviatile loess and loessisl palecsols have accumnulated during an estimated duration
of several 10° yeurs. Average net rates of loess deposition is estimated at 0.01-0.02mm/yr (or
15-30 gr/m?/yr). It is possible that much of the section has been removed by erosion and defls-
tion, especially during periods of arid climatic regimes.

The highest rates of dust depostion were calculated for archeologlical sites In the Negev,
in which mian-made structures — buildings and courtyards — serve as long-term dust traps.
Such features usually have walls on all sides and are roofless. Originally they were uaroofed or
the roofs have collapsed a short time after abandonment. The walls are usually 1-1.5m high.
Most of the buildings have a wall height:diameter (=horisontal extension) ratio of 1:3-1:5;
they present & very high surficial roughness and serve as most efficient eolian dust traps. We
have examined some twenty archeological sites across the Negev, from Tel Arad in the
northeast to Big'st Uvda in the south, The sites dste from the 5th millenium B.P. (Early
Bronse Age) to the 2nd millenium B.P.(Early Arsbic Period). The buildings in all these sites
arc usually filled with dust and collapse stones up to 20-50 ¢cm below the top of the wall rem-
mants (plate 10). The ratio of dust: stones s variable — 1:1-4:1. Most of the buildings were
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filled to capacity during a rather short period after abandonment, destruction or unroofing. At
the early stages, when the building is deep (and especially if it is narrow), the accretion of dust
is rapid since mosi of the settling dust remains in the building. The trap efficiecy decreases
with time due Lo diminishing roughness; more and more of the arriving dust passes by, An
equation that may be applied to this general trend should take into consideration (a) the initial
depth of the structure, {(b) the regime of airborne dust deposition (which includes the dust flux
and the wind characteristics), {¢) the shortening of the receptacle walls due to ongoing col-
lapse, and (d) the time elapsing rince the initiation of fill. D,=D,(1-¢ */¢) is such an equation,
where ), is the depth of accumulation at a point in time t, D, is the initial depth of the build-
ing, t is the time that elapsed since the beginning of fill and ¢ is a constant depending on the
regime of deposition. Most buildings were filled up during a period of 1,000-2,000 years. Dur-
ing this period some 20 50 e¢m of dust have accumulated. The average rate of accretion is
0.1-0.5 mm/yr (or 150-750 gr/m?/yr). Based on the above considerations some 0.5-2.0 mm/yr
is a reasonable estimate for the early stages of accretion , whereas after 1,000-1,500 years the
rates of addition are very low. At a stage when the walls are 20-50 cm above the surface there

is usually no accretion of eolian dust.

Prescnt-day dust fall in the Negev and the Sinai ranges between 100 and 200 gr/m?2/yr
{(Ganor, 1975), or 0.06-0.15mm/yr (see chapter B.7). These amounts are within the range of dust
accretion calrulated for highly efficient dust traps of the past — late Pleistocene loessial ter-
rains in the northwestern Negev and archeological sites. Most of the dust that falls on other
types of terrains is not trapped; it resumes eolian transport or is washed by runoff. Only in
cases of very large flux rate of dust onto areas of extremly high porosity there is a rapid rate of
subsurface dust accretion, One example is the Cima Volcanic Field in the southern Mojave
Desert (Wells et al., 1984). The area is located downwind of playas and dried lakes which served
as major sources of dust to adjacent sites. There, thick Hammada soils have developed; a 1.0m
thick gravel-free dust layes underlying a desert pavement, has developed during a period of
18.6-1910" years, indicating an average rate of dust accretion of 92gr/m?/yr.

Summary —— Rates Of Accretion

1. The rates of eolian dust accretion in the semi-arid northern Negev during the late Quater-
nary were similar to the present-day dustfall in this area — 0.5-0.15mm/yr.

2. The accretion of dust in most desert gravelly soils is usually a portion of the dustfall.
Averages of 0.003-0.01 during the Holocene and 0.001-0.01 during the middle and late

Pleistcene were calculated.

3. Trap efliciency for dust in gravelly soils decreases rapidly with time, due to the sealing ef-
fect at the surface and plugging of the pores in the soil profile by dust.

4. There are indicators that the flux rates of eolian dust have fluctuated greatly during the
Quaternary: a. loessial paleosols change significantly in nature in cumulative uninterrupted
scctions. b. In many areas there has been an extensive deposition of loess during the late Pleis-
tocene whereas the Holocene (late Holocene ?) was a period of net degradation. c. There is
evidence that at the thick (> 1.0m) Reg soils on Pleistocene alluvial surfaces have developed
during a rather short period of time of several 10* years. Most of the dust and salts in these
argillic and saline soils may have been added during periods of large import of airborne ma-

terials.
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PART G. APPENDICES
. G.1 METHODS
Introduction

Some 200 soil profiles and depositional sections were described, sampled and analysed.
Most of the 80il profiles and the depositional sections were described, sampled and analysed by
the authors. Some soil profiles, in the northern Negev, the Judean Desert and the Jordan Valley
were treated by other workers (see references in Part F and table G.3.2). Fig. A.1 serves as a
location map for the profiles from which the various data were derived.

Fleld Methoda

Description of the soil profiles and the depositional sections was carried out according to
Dan et al.(1964), Birkeland (1974) and Soil Survey Staff (1975). Abbreviated and simplified
descriptions of selected profiles are presented in Appendix G.2. Most of the soil pits were hand-

dug, some were dug by back hoe and other sections were found along road cuts and stream
banks.

Every soil horison and layer of dcposit was deacribed. The content of the fine earth and
the amounts of gravel were noted in the field. Samples of 400-800 gr were collected for labora-
tory analysis.

Laboratory Analysis
The analysis of the samples was conducted along two lines:

1. Particle sise. Dry sieving was cmployed for the separation of gravel from the finer
fraction (<2mm). Wet sieving was employed for the separation of gravel and dust from the
sand and the fractionation of the latter. The pipette m.thod was used for the silt-clay frac-
tion. 1 ¢ intervals were determined. Calgon (Na O,F,) was used for dispersion.

2. Salinity and salt composition. Electrical ccnductivity was carried out on water ex-
tract of the 1:1 soil;water samples of the fine earth fraction. The content of gypsum was deter-
mined using Schleifi’s (1979) methods, using the change of électrical conductivity in samples of
finc earth having different soil:water ratios. Cl - was determined by a chloridometer and an ICP
{induced coupled plasma) apparatus. The content of Na+, K+, Cat+*, and Mg** in the solutle

, salts was determined by atomic absorption spectrophotometry.

Data Organisation and Analysis
‘ The information on cvery sample was rated according to the following groups of data*
1. Geographical data, such as coordinates, location.

! 2. Climatic data, such as mean annual precipitation.

w

. Physiographic definition, such as landform type and relief.

4. Soil type and age.

(3]

. Sise fractions — gravel, sand, silt, clay, silt/clay ratio.
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6. Salt content and ratios: soluble salts, gypsum, salt/gypsum tatio.

7. Composition of soluble salts — Cl-, Nat, K+, Ca**, Mg*+.

The data were processed and analysed statistically, employing BMDP and SPSS computer

programs for documentation, correlation and multivariate examination.
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G.3 SELECTED SOILS AND DEPOSITS — DESCRIPTIONS

1 Loesslal Soll
depth,cm
A 0- 30
AB 30- 60
B,.. 68- 865
By.. 86-100

2 Loessial Soll

depth,cm
A 0- 40
B 40- 77
B 77-112
B, 112-130
B, 130-168
B, 168-180
B, 180-210

Northwestern Negev — Netivot

Silty clay loam; Bine crumb to slightly massive structure;
1% carbonate nodules; yellowish brown 10YRS/4 dry,
9YR4/4 dry; gradual and emooth boundary.

Silt loam; massive to subangular blocky structure; 1% car-
bonate nodules; light yellowish brown 10YRG/4 dry, yel-
lowish brown 10YR5/4 wet; abrupt, smooth boundary

Silty clay; medium prismatic etructure; 7% carbonate no-
dules; dark brown to brown, 7.5YR4.5/4 dry, 7.5YR4/4 wet;
gradual and wavy boundary.

Silty clay; prismatic to brittle angular blocky structure;
5-20% carbonate nodules; brown 7.5YR5/4 dry, brown to
dark brown 7.5YR4/4 wet; gradual and wavy boundary.

Western Negev

Fine loamy sand; mazssive structure; friable; light yellawish
brown 10YR8/4 dry, dark yellowish brown 10YR4/4 wet;
gradual boundary.

Fine loamy sand to loam; some carbonate mycelin; fine
subangular blocky structure; friable to hard; light yellow-
ish brown 10YRG/4 dry, yellowish brown 10YRS5/4 wet; gra-
dual boundary.

Similar to above layer; masive to unstable subangular
structure; gradual boundary.

Similar to above layer; loam with some carbonate concre-
tions; abrupt boundary.

Silt loam to silty clay loam; some carbonate concretions
(5%) 1 ¢cm in diameter; medium subangular blocky struc-
ture; hard; yellowish brown 10YR5/4 dry, dark yeilowish
brown 10YR4/4 wet; gradual boundary.

Loam; some carbonate concretions 1 c¢m in diameter;
massive structure; hard; yellowish brown 10YRS/4 dry,
dark yellowish brown 10YR4/4 wet; abrupt boundary.

Loam to sandy ¢lay loam; hard and soft carbonate concre-
tiona (-25%) 5- 10 cm in diameter; massive structure; hard,;
some ~oots; light yellowish brown 10YR6/4 dry, dark yel-
lowish brown 10YR4/4 wet.

G
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8 Loessial Soil

depth,cm
A, 0- 28
A,y 28- 70
% 70~ 97
C, 07-144
C, 144-160
C, 160-200

4 Brown lLoessial Soil

depth,em
AO - 20 S1lt
A 20- 62
B_, 52-98
C, 96-120
C, 120-150+

b Brown l.oessial Soil

depth,cm
A - 42
] 42- 78

Western Negev

Sandy loamn; massive structure; crumby; yellowish brown
I0YR5/4 dry, dark y¢llowish brown 10YR4/4 wet; gradual
boundary.

Sandy loam; light yellowish brown 16YR6/4 dry, yellowish
brown 10YR5/4 wei; gradual boundary.

Sandy loam; some carbonate concretions; yellowish brown
10Y R5/5 wet; gradual houndary.

Sandy loam to loamy sand; carbonate concretions (-2%);
hard; abrupt boundary.

Loamy sand; more carbonate concretions (-5%); abrupt
boundary.

Sandy loam to loamy sand; carbonate concretions (-1%%) .

Western Negev

loam; granular blocky to subangular blocky structure;
hard; hard; light yellowish brown to yellowish brown
10YR5.5/4 dry, dark yellowish brown 10YR4/4 wet;
gradual boundary.

Loam — similar to above layer; massive to subangular
blocky structure; hard; abrupt houndary.

Fine loamy sand; soft carbonaie concretions 0.5-1cm in di-
ameter; thin medium subangular blocky structure; light
vellowish brown 10YRB/4 dry, yellowish brown 10YR5/4
wet; gradual boundary.

Similar to above layer; less (5%) carbonate concretions;
massive to subangnlar blocky structure; gradual boundary.

Similar to above layer with few carbonate concretions.

Western Negev

Silt loam; massive structure; contains carbonate; pale
brown 10YR6/3 dry, yellowish brown 10YRS/t wet; clear
abrupt boundary.

Silt loam; many (20%) carbonate concretions; thin medium
subangular blocky structure; hard; light yellowish brown
10YR6/4 dry, yellowish brown 10YR5/4 wet; gradual boun-
dary.

G4
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C, 78-101 Similar to above layer; about 5% carbonate concretions;
gradual boundary.

B, 101-160 Loam; 10-15% carbonate concretions; prismatic crumb
structure; hard; 9YRS/6 dry, dark yellowish brown
10YR4/4 wet.

8 Brown Loesalal Soll Western Negev
depth,cm
A 0- ¢4 Leam; massive structure, not sticky; hard; yellowish brown
10YR5/4 dry, dark yellowish brown 10YR4/4 wet; gradual
boundary.
B, 4“- 87 Similar to .bove layer; weak subangular blocky structure;

about 5% soft carbonate concretions 0.5-Jem in diameter;
gradual boundary.

B,.. 67- 8@ Loam to clay loam; 10% - 15% soft carbonate concretions
0.5-1cm in diameter; hard; yellowish brown 10YR5/4 dry,
dark yellowish brown 10YR4/4 wet; gradual boundary.

BC 88-116 Silt loam; 5% soft carbonate concretions 0.5-1cm in diame-
. ter; thin medium subangular blocky structure; light yel-
lowish brown 10YR6/4 dry, yellowish brown to dark yel-

lowish brown 10YR4.5/4 wet; gradual boundary,

C 116-160 Similar to above layer; fine loamy sand; 2% carbonate con-
cretions; massive structure.

7 Light Brown Loeslal Soil Western Negev
depth,cm
A 0- 28 Loamy sand; massive to loose; some hard carbonate no-

dules; light yellowish brown 10YR6/4 dry, dark yellowish
brown 10YR4/4 wet; abrupt boundary.

2ca 28- 46 Loamy sand; petrocalcic hiorizon (70%); massive structure;
hard; pink 7.5YR7/4 dry, strong brown 7.5YRS/6 wet;
gradual boundary.

B, . 46~ &6 Similar to sbove layer without petrocalcic horizon; hard
| carbonate nodules (-40%); hard; gradual boundary.

1 BC 45- 90 Sandy loam; hard carbonate nodules {-5%); massive struc-
. tute; hard; light brown 7.5YR6/4 dry, strong brown
\ 7.5YR5/6 wet; gradual boundary.

C, 90-130 Sand to sandy loam; hard carbonate nodules {1-3%); light
brown 7.6YR6/4 dry, strong brown 72.5YR5/6 wet; gradual
boundary.

C, 150-300 8and; loose; pink 7.56YR7/4 dry, strong brown 7.6YRE/6
wet,
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8 Light Brown Loesslal Solil

depth,cm
A 0- 80
B,.. 30- 80
Bace 80-113
C 118-2:0

9 Light Brown Loessial 8oll

depth,cm
A 0- 8
B, 8- 20
B,.e 20- 40
C,. 40- 66

10 Loesslal Ssrosem

depth,em
A 0- 12
B,.. 13- 38
B,,. 33- 61
B,,e 81- 01

Busea,sa 91-141

Western Negev

Loamy sand; hard; very pale brown 10YR7/3 dry, yellowish
brown 10YRS5/5 wet; gradual boundary.

Loamy sand; carbonate nodules (5-10%) some hard; hard;
light yellowish brown 10YR6/4 dry, yellowish brown
10YRS/8 wet; gradual boundary.

Sandy loam; carbonate nodules (-20%) 10-20cm in diame-
ter; friable; wavy boundary.

Sand; massive structure; hard carbonate concretions
(10-20%); loose; very pale brown 10YR7/4¢ dry, yellowish
brown 10YR5/8 wet.

Northern Negev — Sde Boker

Clay loam; crumb structure; many roots; very pale brown
10YR7/4 dry, light yellowish brown J0YR6/4 wet; gradual
boundary.

Clay; gypsum nodules; hard; very pale brown 10YR7/4 dry,
light yellowish brown 10YR8/4 wet; gradual boundary.

Clay; gypsum nodules (15-20%); hard; very pale brown
10YR7/4 dry, light yellowish brown 10YR6/4 wet; gradual
boundary.

Heavy clay with gravel; carbonate nodules (-35%); hard
blocky structure; very pale brown 10YR7/4 dry & wet.

Western Negev

Fine loamy sand; contains carbonaces; massive structure;
slightly hard; very pale brown 10YR7/3 dry, light yellowish
brown 10YR6/4 wet; abrupt boundary.

Loam; carbonate nodules (-25%); Subangular blocky to
blocky stracture; hard; light yellowlsh brown 10YRE/4 dry,
yellowish brown 10YR5/8 wet; gradusl boundary.

Silt loam; carbonate nodules (-25%), with gypsum or salt
vertical mycelia; blocky structure; hard; light yellowish
brown 10YR68/4 dry, yellowish brown 10YR5/4 wet; gradual
boundary.

Similar Lo above Isyer with many salt and gypsum mycelia;
blocky structure; gradual boundary.

8ilt loam to clay loam; blocky structure; yellowish brown
10YRS5/4 dry, dark yellowish brown 10YR4/4 wet; gradual
boundary.

Ge
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Bgsca,ea 141-191

11 Loesslal Sercsem Boll

depth,cm
A 0- 17
B, 17- 40
B, 40- 80
B,.. 80- 78
Byeorca 78-100

13 Loessial Serasem 8Soll

depth,cm
A 6- 12
B, 13- 28
B, 36- 46
Blu.nA 46- &6

Similar to above layer; blocky to prismatic structure;
continues to a great depth.

Northern Negev — S8de Boker

Clay loam with sbout 10% pebbles 1-3cm in diameter;
crumb structure; friable; many roots; very pale brown
10YR7/4 dry, light yellowish brown 10YRB/4 wet; gradual
boundary.

Clay loam to silty clay loam, with about 10% pebbles
3-4cm in diameter; subangular blocky to hard blocky

structure; carbonate pseudomycelia; fne roots; very pale
brown 10YR7/4 dry & wet.

Silty clay loam with about 10 % pebbles 1-3cm in diameter;
carbonate nodules (5%); subangular blocky to blocky struc-
ture; very pale browa 10YR7/4 dry & wet.

Silty clay loam with few cobbles 20-30cm in diameter;
carbonate nodules (3-5%) 5mm in diameter and few gypsum
crystals; subangular blocky to blocky structure; friable;
very psle brown 10YR7/d dry & wet.

Silty clay loam with 5-10% pebbles 1-3cm in diameter;
carbonate nodules (5%) 10-15tam in diameter and gypsum
crystals (-5%); blocky structure; pale brown 10YR8/3 dry &
wet.

Northen Negev — Sde Boke-

Clay loam; loose; few roots; very pale brown 10YR7/4 dry,
light yellowish brown 10YR6/4 wet; gradusl boundary.

Clay loam with few pebbles 1-3cm in diameter; carbonate
pseudoinycelis and carbonate nodules 2-3cm in diameter;
subangular blocky to massive structure; friable; very pale
brown 10YR7/4 dry, light yellowish brown 10YR6/4 wet;
gradual boundary.

Clay loam with few pebbles max. S5cm in diameter; about
3% carbonate nodules 5mra in diameter and abour 3% gyp-
oum nodules; subangular blocky tc blocky stiucture; hard;
Jight yellowish brown 10YR6/4 dry, yellowish brown
10YR5/4 wet; gradual boundary.

Clay loam with about 26% gravel 2-8cm in diameter; few
carbonsate nodules and gypsum mycelia 6mm in dismeter;
subangular blocky structure; friable; very pale brown
10YR7/4 dry, light yellowish brown 10YR6/4 wet; gradual
boundary.

o
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18 Loessial Serosem 8Soll

depth,cm
A 0- 22
B 22- 3¢
Byea 35- 70
B, 70- 82
C, 82-132
B, 132-186

14 Loessial Serosem 8Soll

depth,cm
AO
A 0- 16
B,.. 16- 40
B,.o 40- 08

Clay loam with sbout 15% gravel max. 8cm in diameter;
10-40% carbonate hodules 5-3 omm in diameter, some gyp-
sum mycelia; blocky structure; friable; very pale brown
10YR7/4 dry, light yellowish krown 10YR6/4 wet; wavy
gradual boundary.

Northen Negev — 8de Boker

Loam; strong, medium to fine subangular blocky structure;
very pale brown 10YR7/3 dry, light yellowish-brown
10YRGE/4 wet; clear boundary.

Similar to above layer with many white mottles (lmm) of
crystalline salt and gypsum; clear boundary.

Silty clay loam with 50 % white lime nodules (2¢m), mostly
elongated vertically; medivm blocky to prismatic struc-
ture; very hard; brown 7.5YR45/8 dry, dark brown
7.5YR4/4 wet; clear to gradual boundary.

Silty clay loam with few white lime flecks and small black
mottles; medium blocky parting Into strong Bne blocky
structure; strong brown 7.5YR5/8 dry & wet; clear to gra-
dusl boundary.

Silty clay loam with few sand and gypsum crystals;
massive to weak subangular blocky structure; hard; light
yellowish brown 10YR6/4 dry, yellowish brown 10YR5/4
wet; emooth clear boundary.

Loam to clay loam with 50% lime flccks and many gypsum
crystals, mnstly in thick mycelia; moderate fine blocky to
subangular blocky structure; very hard; reddish yellow to
yellowish brown 8YRG5/6 dry & wet; the same layer contin-
ues to greater depths.

Judean Desert — Rujm a Naqua

Cover of some stones and lot of gravel.

Celcareous loam; massive; slightly hard; light yellowish
brown 10YR6.5/4 dry, yellowish brown 10YR5/6 wet; clear
houndary.

Calcareous silt loam with 20% soft carbonate nodules (1
¢m); moderate fine subangular blocky structure; harde;
light yellowish brown 10YRS8/4 dry, yellowish brown
10YR5/4 wet; gradual boundary.

Silty clay loam with 30-40% soft lime nodules (1 c¢m);
strong subangular blocky structure; hard; brown 7.5YRS/4
dry, 7.6YR4.5/4 wet; gradual boundary.
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B, 68-107 Calcereous silty clay loam with 20% soft lime nodules (1
cm); strong medium to fine subangular blocky structure;
hard; light brown 7.5YR6/4 dry, brown 7.5YR5/4 wet; gra-
dual boundary.

Be.. 107-180 Calcareous silty clay loam with 10% soft lime nodules and
some cjueters of gypsum crystals; moderste medium to fine
subangular blocky structure; hard; brown 7.6YR7/4 dry &
wet; gradual boundary.

By.. 160-180 Caleareous silty clay loam with very few (2%) soft lime no-
dules and many mycelia and clusters of cryetattine gyp-
sum; weak; medium to fine subangular blocky structure;
slightly hard; brown 7.3YRS/¢ dry & wet.

16 Loess — Archasologieal Site Central Negev — Makhtesh Ramon
depth,em
0- 10 Shattered grit with silt (16-30%) and pebbles (max. 6em);

light yellowish brown to brownish yellow 10YR6/4-0 dry,
yellowish brown 10YRG/6 wet.

10- 30 811t (80%) with sand and grit; some pebbles; brownieh yellow 10YRS/8

dry, yellovwish brova 10YRE/8 wet.

30- 65 Boulders (max. 30-40cm); esome shatterad; boulders coated with salte;
brownish yellow 10YRE/8 dry, dark yellowith brown 10YR4/6
vet.

86~ 60 B1lt with shattered pebbles; brownish yellow 10YRS6/8 dry, yel-
lowish brown 10YR5/8 wet.

60- 76 S1lt and grit; small nodules of gypsum snd salt; pale yellow
2.5YR8/4 dry, olive yellow 2.5YRO/8 wet.

76- 86 811t with small pebbles (1 ¢cm) and some sand; very pale brown
10YR7/4 dry, yellowish brown 10YRE5/8 wet.

The profile containe -80% fine earth, down to 80¢m It containe 609 fine earth.

| 16 Loess — Archaeclogical Blite Southern Negev — Uvda Valley

‘_ depth,cm :

‘ o- 6 8ilt with fine sand, without stones, yellow 10YR7/8 dry,
- brownich yellow 10YRS/8 wet. '

( o 8- 18 Similar to above layer.
18- 20 Silty layer; yellow 10YR7/6 dzy, yellowish brown 10YRS5/6 -
— wet.

20~ 40 811t with fine sand.




17 Takyr Soll
Depth, cm

o- 30

40- 43

43- 4B

46- 48

48- 50

60- 70

e ————

Southern Negev — Shahrut Valley

Silt; massive to flaky structure; yellow 10YR7/6 dry,
brownish yellow 10YRG/8 wet.

Sil¢; flaky structure; porous.

Silt; flaky structure; reddish yellow 7.5YR7/68 dry, reddish
yellow 7.5YR6B/6 wet.

Silty crust; hard; light color.
Silt; flaky structure; porous; dark color.
Silt crust; hard.

Silt; yellow 10YR7/6 dry, brownish yellow 10YR6/8 wet.

Carbonate flecka throughout the profile.

18 Takyr Soll

Ao
Al
ca,on

depth,cm

19 Takyr Soll

A,

depth,em

o- B

6- 10

10-

20- 26

8- 80

Bouthern Negev — Qa En Naqb

Light silty crust; cohesive; laminar atructure.
Fines; crumb structure; salt and gypsum nodules.
Fines; friable and loose; salt and gypsum nodules.
80+ Fines; gypsum nodules,

The color of the profile: brownish yellow 10YR68/8 dry, red-
dish yellow to strong brown 7.5YRB-5/8 wet. The profile is
100% EBne earth.

Southern Negev — Qa En Naqgb

Siity clay crust; massive with some pores in the lower part;
extremely hard; pink 7.5YR7/4 dry, strong brown
7.5YR4.5/6 moist; abrupt boundary.

Similar to above layer, with massive to platy structure;
hard; abrupt boundary.

20 Saline silty clay with small white motties of gypsum;
subangulsr blocky structure; slightly hard; light brown
7.5YR68/4 dry, strong brown 7.5YR4/68 moist; gradual boun-
dary.

Similar to sbove layer, less gypsiferous; gradual boundary.

Similar to above layer; coarser textured, especiaily down to
40cm.
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20 Takyr Soll

depth,cm
A, 0- 4
C, 4- 14
) C, 14- 60

21 Solonchak Soil

depth,em
(4]
A, 0- 13
A, 13- 30
n, 30- 60
B, €0-100
B,. 100-120

22 Solonchak Soil

depth,cm
0- 2
! 2- 14
14- 33
;E
y 30- 74

Eastern Sinal — Wadl Mukeiblia

Fines; laminar structure; cracked surface.
Silty clay; without stones ot salt.

Similar to the above horison.

Eastern Samarian Desert — Ma'ale Efraim

Some gravel and stones are seen on the surface.

Calcareous clasy loam to silty clay loam; weak fine
subangular blocky to granular structure; soft; light brown
7.5YR8/4 dry, brown to dark brown 7.5YR4/4 wet; gradual
boundary.

Calcareous clay loam to silty clay loam; moderate, medium
to fine subangular blocky structure; loose; brown 7.5YR5/4
dry, brown to dark brown 7.5YR4/4 wet; smooth, clear
boundary.

Calcareous silty clay with few lime spots; very coarse
columnar structure; extremely hard; brown 7.5YR5/4 dry,
brown to dark brown 7.5YR4/4 wet; gradual boundary.

Calcareous silty clay with soft lime fecks that increase gra-
dually with depth; medium prismatic to blocky structure;
extremely hard; brown to reddish brown 8YRd4/4 dry and
moist; indistinet boundary.

Similar silty clay with many soft lime flecks {20%); reddish
brown SYR4/4 dry and wet.

Dead Sea — Ein Tamar

Saline crust with many large gypsum crystals; massive;
hatd; underneath the crust many large salt crystals; light
grey 10YR7/2 dry, pale brown 10YR6/3 wet; abrupt boun-
dary.

Fine sand loam with many gypsum crystals (0.5 cm) and
with a grey silt loam layer with rusty motles (30%) at depth
of 9-12cm; yellowish brown 10YRS5/4 wet; clear boundary.

Silt loam with 10-15% large rusty mottles (1 cm) and a few
laege gypsum crystals; massive; hard; pale yellow 5YR7/3
dry, light browninsh grey 2.5YRB8/2 wet; gradus! boundary.

Silty clay loam wuth a few large gypsum crystal; massive;
hard; white 2.5YR8/2 dry, light brownish grey to light yel-
lowish brown 2.5YRB/3 wet; clear boundary.
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74-110

110-130

130-180

160-310

23 Solonchak Boil
depth,em

Ao

3- 10

10- 12

12- 20

22- 30

30- 46

46- 80

60- 80

24 Solonchak Soll

depth,cm
A o- 2
Clearca 2- 80
Cacoron 30- 66+

Silty clay loam with a few rusiy motled, s few gypsum cry-
stals and 5-6 thin (2.5mm) black layers; masive; very hard;
white 2.5YR8/2 drylight brownish grey to light grey
2.5YR6.5/2 wet; clear boundary.

Silty clay loam; hard; white 2.8YR8/2 dry, light grey
2.5YR7/2 wet; gradual boundary.

Similar to above layer with a few rusty mottles (0.5-1cm);
indistinet boundary.

Similar to above layer, but with silt loam texture and fewer
rusty mottles.

Southern Arava — Avrona Playa

Friable sandy crust with some gravel.

Salt with some sand; slightly hard; wavy layer; strong
brown 7.5YR5/6 wet.

Sand and silt; massive; some salt crystals.

Silt and clay; very hard; discontinuous lsyer; laminar
structure; reddish yellow 7.5YR7/8 dry, brown to strong
brown 7.5YR5/4-6 wet; wavy boundary.

Sand and silt; salt crystals; very hard; redish yellow
7.5YR7/6 dry, brown to strong brown 7.5YR5/4~6 wet, clear
wavy boundary.

Similar to layer 12-20.

Sand and silt with some thin laminae of amall pebbles and
granules (average 0.5cm, max. 1.5cm in diameter); gypsum
crystals in large quantity; yellowish res 5YR5/68 wet,

Sand with some silt and granules; salt crystals,

Sand with some #ilt and granules; ealt; crystals; massive;
brown to strong brown 7.5YR5/4-8 wet.

Eastern 8inai — Bir Sweir

Silty clay cust covers the surface (dry).
Sandy loam with yellow and red mottles; some salt flecks.

Sandy loam, large quantity of neddle like salt crystals;
yellowish red 5YR5/8 wet.

<y
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26 Alluvium
depth,cm
0- 2
-7
17- 28

26- 60

26 Alluvium
depth,cm

o- 6

6~ 16

18- 20

20~ 26

36- 38

36~ 40

40~ B0

27 Alluvium
depth,em

eurface

0- &80

28 Alluvium

‘ depth,cm
A 0- 10
AC 10- 24
C, 24- 40

3
\.E

Dead B8ea — Nahal Ze'ellm

Gravel, without fines.
Gravel 2-3cm in diameter with fines.
Gravel §-10cm in diameter with fines.

Some boulders with gravel and fines.

Southern Negev — Uvda Valley

Fine cand and ailt compact firmly; subdivided into a ailty
hard crust down to lcm, slightly loose silt and fine sand
down to Se¢m; yellow 10YR7/8 dry, brownish yellow
10YRG/8 wet.

Calcareous silt; hard; yellow 10YR7/8 dry, brownish yellow
10YR67/8 wet.

Fine sand and »silt; Irlable of low consistency; yellow
10YR7/6 dry, brownish yellow 16YRE/8 wet.

Fine sand; hard; yellow 10YR7/6 dry, yellow 10YR7/8 wet.

Silty; thin laminar bedding, yellow 10 YR7/6 dry, brownish
yellow 10YRG/8 wet.

Silty; very hard.

Coarse sand with quarts grit; friable and very loose; fluvial
sand; yellow 10 YR7/6 dry, yellow 10YR7/8 wet.

Fine sand; laminar; friable.

Eastern 8inal — Wadl Mandars

Bar and swale patern cover the surface; white color.

S8and and grit laminae.

Central 8inal — Bir - ath Thamada

Loamy sand with about 50% pebbles; loose; very pale brown
10YR7/4 dry, light yellowioh brown 10YR6/4 wet; abrupt
boundary,

Loamy sand with about 10% pebbles; clear abrupt boundary.

8and to sandy loam with about 70% pebbles; clear sbrupt
boundary.




C, 40- &8

C, §6-110

19 Rag 80ll, Holoeene

depth,emu
A‘O
A, 0-0.5
B 0.6-4.6
C 4.6-35.8

30 Reg Soll, Holocene

depth,cm
AO
A, 0-0.3
B 0.3- 10
B, 10- 17
<, 17- 40
C, 40- 65

31 Reg 80il, Holoeene

depth,cm
A, 0- 2
A, 2-3.5
B 3.5-8
C, 6- 0
C, 9 14
C, 14- 40

Sand with some (10%) pebbles; clear boundary.
Sand with about 70% pebbles.

Dead S8ea Valley — Nahal Ze'elim

Desert pavement covers 90-95% of the surface; well sorted
gravel 2-10cm in diameter.

Vesicular layer; silty; very pale brown 10YR7/3 dry, light
yellowish brown 10 YR6/4 wet; clear boundary.

Silty clay with pebbles of average lcm in diameter; some
gypsum nodules; reddish yellow 7.5YR7/6 dry, reddish yel.
low 7.5YRG/8 wet.

Poorly sorted gravel; 70% of the gravel is shattered; white
friable gypsum nodules; very pale brown 10YR7/4 dry,
light yellowish brown 10YR6/4 wet.

Southern Negev — Wadi Paran

Desert pavement covers 95-100% of the surface; well sorted
pebbles, average 2.5¢m in diameter.

Vesicles underneath the stones; wavy boundary.

Small pebbles (lem in diameter); some shattered; gypsum
crystals; .30% fine erth; yellow 10YR7/6 dry, brownish ye!-
low 10YR6/8 wet.

Petrogypsic horizon, highly cemented with some shattered
gravel,

Gravel, poorly sorted; average 2cm in diameter, max, 7em;
shattered; some granules; very loose; salts cover many
stones and cracks; some gypsum nodules; -10% fine earth.

Similar to above layer; rounded cobbles 8-10cm in diameter,
only the big pebbles are shattered; without salt crystats.

Southern Negev — Timna Valley

Desert pavement mixed with fines; bar and swale pattern.
Silty; vesicular layer; light brown 7.5YR8.5/4.

Silty; yellowish red 5YR4.5/8.

Fines with some small pebbles.

Shattersd small pebbles.

Pebbles with fines; well sorted.

~
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32 Reg 80ll, Holoeene

depth,cm
Ao
A, 0- 2
B, 2-3.5
B, 8.6- 12
C, 12- 48

33 Rcg Soll, Holoeene

depth,em
A, '
A, o- 3
BC 3-8
C, 8- 30+

84 Reg 80ll, Plelstocene

depth,em
AO
A, 0- 3
B, 3- 13
C, 12- 20
C, 20- 50

Eastern S8inal — Wadi Mukelbila

Desert pavement covers 98% of the surface. Ciear bars with
unsorted boulders (80cm in diameter), gravels mixed with
sand.

Thick, vesicular layer, with relatively large vesicules; hard;
some small stones near the boundary; very pale brown
10YR 7/4 dry, light yellowish brown 10YRB/4 wet; clear
smooth boundary.

Coarse sand with grit; continous layer; reddish yellow
SYRO/8 dry, yellowish red 5YR5/7 wet; clear Loundary.

Sandy; some poorly sorted stones and gravel (max.Bem);
conceniration of gypsum mycelia around the stones; gravel
and stones are shattered; pink 7.5YR 7/4 dry.

Sandy; poorly sozted pebbles and cobbles; some crystalline
salt around the bottom of gravels.

Eastern Sinal — Wadl Khuweit

Desert pavement covers 85-90% of the surface; poorly sort-
ed gravel.

Silty; powdery fines; small vesicles 0.5-1mm; loose; reddish
yellow 7.5YR8/6 dry, 7.5YR7/8 wet; abrupt boundary.

Silt with granules and amall pebbles; very loose; reddish
yellow 7.5YR7/8 dry, 7.5YR6/8 wet, abrupt boundary.

Sedimenta; very loose,

The profile contains §-10% fine earth.

Central Negev — Makhtesh Ramon

Desert pavement covers the surface; very poorly sorted
gravel.pitted, average of 40cm in diameter.

Vesicular layer; very sinall vesicles; yellow 10YR7/6 dry,
brownish yellow 10YR6/8 wet; abrupt boundary.

Gravel free horison; friable carbonate nodules; yellow
10YR7/8 dry, brownish yeilow 10YR6/8 wet.

Shattered gravel; carbonate nodules.

Small unshattered gravel; friable gypsum nodules bridge
between the stones.

The profile contains .40-50% of fine earth,

-
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88 Reg 80ll, Plelstocene

depth,cm
AO
A 0-1
B,,. - 6
B,. s- 13
B,.. 12- 20
Croaos 20- 39
C, 39- 62
Cln §2-100
C, 100-117
C, 117-136

868 Reg Soll, Plelstocene

depth,cm
Ao
A, 0-0.8
B 0.3~ 11
C, 11~ 50
C, 50~ &6

Central Arava Valley — Hatseva

Rock fragments cover the surface — desert pavement.

Sandy loam with some pebbles; very pale brown 10YR7/3
dry, light yellowish brown 10 YRS/4 wet; clear boundary.

Loam-clay loam; 20% of pebbles, salts; loose; reddish yel-
low 7.5YR6/8 dry, strong brown 7.56YRG5/8 wet; clear wavy
boundary.

Fines with some pebbles; gypsum crystals; wavy boundary.

Silt and sand with 30% pebbles; white salt spots; loose;
light broiwn to light yellowish brown 9YR8/4 dry, strong
brown 7.5YRS/6 wet; clear to gradual boundary.

Petrogypsic horison partly cemented;sand and silt with
gravel; massive; hard; white 10YRS/1 dry, very pale brown
10YR7/3 wet; gradual boundary.

Sand with 50% pebbles; gypsum crystals; massive; loose;
very pale brown 10YR7/3 dry, very pale brown to light yel-
lowish brown 10YR6.5/4 wet; gradual boundary.

Similar to above layer; more gypsum crystals; gradusal
boundary.

Similar to above layer; number of gypsura crystals decrease
with depth.

Similar to above horison.

Southern Negev — Wadl Paran

Desert pavement covers 95% of the surface; well sorted peb-
bles with (-10%) rounded cobbles 15¢m in diameter.

Vesicles coating the bottom of stones.

Fines with very little stones; powdery small gypsum cry-
stals; loose; 30% fine earth; brownish yellow 10YRG/8 dry,
yellowish brown 10YRS/8 wet; wavy boundary.

Shattered gravel; 50% of the gravels are cobbles averaging 1
Ocm in diameter; pebbles of 2cm in diameter snd some
granules; mottles of gypsum max. 4cm in diameier; salt
crystals cover many stones snd sometimes bridge between
them; .25% 6ne earth; reddish yellow 7.5YR7/6 dry, brown-
ish yellow 10YR 6/8 wet.

Pebbles and granules, average 0.5-1cm in diameter max.
5-7cm; massive structure; some crystalline gypsum; salts
at the bottom of stones; -10% fine earth; hard-cchessive.

T B I R




C, o5~ 05 Gravel - rounded and poorly sorted; some shattered;
. slightly hard; .156% fine fine earth.

87 Reg Soll, Plelstocene Southern Negev — Naha! Hiyyon ,
depth,cm

A, Desert pavement of flint gravel.

A, 0- 2 Vesicular layer; alightly gravelly loam; very pale )

brown 10YR7/4 dry; light yellowish brown 10YR8/4 wet;
gradual boundary.

A, 2- 6 Slightly gravelly (10%) loam with many small (imm) white
mottles apparently of soft gypsum; massive; pink 7.5YR7/4
dry, strong brown 7.5YR5,6 wet; gradual boundary.

see 8- 21 Gravelly (20% gravel) loam to clay loam with numerous
large gypsum concentrations of low bulk density; loose;
reddish yellow 5YR8/8 dry, yellowish red 5YR4/8 wet;
gradual boundary.

B,.. 21- 38 Gravelly (70% gravel) loam with gypsum crystals and con-
centrations of various dimensions; loose; reddish yellow
7.5YR6B/6 dry, strong brown 7.5YRS5/6 wet; ciear boundary.

B, 38- 5O Similar to above layer, with more (50%) gravel and without
s gypsum concentration; clear boundary.

Cico BO0- 78 Loamy layer, moatly somewhat indurated by gypsum (60%%
of the layer); slightly hard; white dry, strong brown
7.5YRS/8 wet; clear boundary.

1ee 78- & Very gravelly and stony (60%) sandy loam, somewhat in-
durated by gypsum; massive; soft to alightly hard; reddish
yellew 7.5YR6/8 dry, strong brown 7.5YR5/6 wet; gradual
boundary.

Ciee 94-128 Similar to above layer, with more stones and gravel (8097}
and more indurated by gypsum; clear boundary.

Ciea 126-180 Sandy loam indurated by gypsum and lime; massive; hard;
white dry, pink 7.5YR7/4 wet; clear boundary.

B, Very graveily (80%) sandy loam, somewhat indurated by
gypaum; massive; hard; yellowish red 5YR4/8 dry and wet,

e 2 e

) 38 Reg Solil, Pleistocene Southern Negev — Qetura
{ depth,cin -

A, Desert pavement of dolomite gravel with some flint gravel.

Pl A 0- 38 Vesicular layer of lcm grading at depth to massive layer;
. 20% gravel and stones, loam to silt loam; pink 8YR7/4 dry,
reddish yellow 7.5 YRB/8 wet; clear boundary.

B, 3-8 Gravelly loam (20% gravel), with many small white gyp- T NQ’
sum or lime flecks (1-2mm); loose; pink 7.5YR7/4 dry,
strong brown 7.5YR5/8 wet; wavy clear boundery. i

ot A PRI g
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lce

8- 18

16- 22

22- 3

38~ 63

39 Reg Soll, Plelatocene

depth,em

0- 2

20- 60

60- %0

£0-110

Reg Soil, Plelstocene
depth,cm

2~ 16

16- 70

White gypsum with low bulk density, some gravel
(10-209%); massive; soft; wavy abrupt boundary.

Gravelly sandy loam (20% gravel), with mauy (10-20%))
soft small gypsum concentrations {1-2mm); loose; clear
boundary; pink 7.5YR7/4 dry, reddish yellow 7.5YRG/6 wet.

Sand loam with few gypsum crystals; loose; pink 7.5YR7/4
dry, reddish yellow 7.5YRB8/68 wet; clear boundary.

Very gravelly and stony (80%) sandy loam, with little gyp-
sum, gypsum crystals cover many stones and sometimes
bridge between them; massive to loose; pink 7.5YR7/4 dry,
strong brown 7.5YR5/8 wet; gradual boundary.

Southern Negev — Timna Valley

Desert pavement, covers 100% of the surface; pebbles ~ aver-
age of 3-5¢m in diameter.

Vesicular layer; reddish yellow 2.5YR8/6 dry, strong brovn
7.5YR5/8 wet; abrupt boundary.

Silty, gravel free horizon; petrogypsic horison; pink
7.5YR7/4 dry, strong brown 7.5YR5/8 wet.

Shattered pebbles with rounded gypsum crystals; reddish
yellow 5YR6B/6 dry, yellowish red 5YRS5/6 wet.

Rounded pebbles; gypsum nodules; loose; light reddish
browna 5YR8/4 dry, yellowish red 5YR5/8 wet.

Gravel, some shattered; very loose; some nodules; reddish
yellow 7.5YR6B/8 dry, strong brown 7.5YRS5/8 wet.

The profile contains 10-20% fine earth;

Easatern Sinal — Wadl Khuweit

Desert pavement covers 80-90% of the surface; pebbles,
average of 2-3cm in diameter, cobbles 10-15¢ru, max. 30cm;
the gravel ia shattered and weathered.

Silty; vesicular structuye; small vesicles of 1-1.5mm in di-
ameter; pink 7.5YR8/4 dry, reddish yellow 7.5YR8/6 wet;
clear and wevy boundary.

Fines with some small pebbles; reddish yellow 7.5YR7/8
dry, strong brown 7.5 YRS5/8 wet; wavy sand gradual boun-
dary.

Shattered gravel; poorly sorted; concentration of salt flecks
decrease with depth; salt crystals inside the shattered
stones.
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41 Reg Soll, Plelstocene
depth,cm

B,
l’ie.

lcs

les

lce

42 Reg 8oll, Plelstocene
depth,cm

Av

3- 10

10- 19

19- 36

a6- 47

47-100

100-110

110-120

0- 7

7- 18

16- 28

26- 39

30- 50

60- 80

Tle profile cortains 30% fine carth.

Central Sina!

Desert pavement covers 100% of the surface.

Vesicular layer of sandy loam; very pale brown 10YR?/3
dry, yellowish brown 10YRS/5 wet; abrupt boundary.

Loamy sand with some pebbles; some salts; massive to
laminar; very pale brown 10YR7/3 dry, light yellowish
brown 10YR6/4 wet; abrupt boundary.

Loamy sand with some pebbles; coluronar structure; strong
brown 7.5YR5/6 dry and wet; gradual boundary.

Loamy ssnd with 30% pebbles; light brown 10YR8/4 dry,
strong brown 7.6YR5/6 wet; wavy boundary.

Loamy sand with 30% pebbles; some gypsum crystals; light
brown 7.5YRE/4 dry, strong brown 7.5YRS/8 wet; gradual
boundary.

Petrogypsic horison highly cemented; very pale brown
10YRS8/3 dry, light yellowish brown 10YR6/4 wet; gradual
boundary.

Petrogypsic horison slightly cemented; gradual boundary.

Loam; some gypsum crystals which decrease with depth;
very pale brown 10YR8/4 dry and wet; gradual boundary.

Central Sina}l

Vesicular lsyer; sandy loam; light yellowish brown
10YR8/4 dry, yellowish brown 10YR5/4 wet; clear wavy
boundary.

Clay loam with 30% pebbles; salt crystals and gypsum
mottles; loose; yellowish red 5YR4/6 dry, yellowish red
5YR4/8 wet, gradual boundary.

Loam to clay loam with 30% pehbles; locse; 6YR5/6 dry,
4YRG5/6 wet.

Losmy sand with 50% pebbles; loose; pink 7.6YR7/4 dry,
reddish yellow 7.5YR 8/8 wet; gradual boundary.

Sandy losm t> loamy sand with 60% pebbles; vary pale
brown 10YR7/3 dry, brownish yellow 10YR8/5 wet; gradual
boundary.

Loamy sand with 70% pebbles; slightly cemented by
gypsum; gradual boundary.

G119




44

BC

nbcn

80- 96

Reg Soll, Plelatocene
depth,cm

26- B0

Reg Soil, Tertlary
depth,cm

2- 10

10- 16

16- 40

40-150

45 Reg Boll (age?)

depth,cm

1- 16

16- 26

36- 60

Sand with 60 pebbles; loos.; pink 7.5YR7/4 dry, reddish
yellow 7.5YRGO/6 wet; gradual boundary.

Loamy sand with 60% pebbles; cemented by gypsum; strong
brown 7.5YR5/8 dry and wet.

Central Negev —— Makhtesh Ramon

Desert pavement covers the surface; pebbles averaging 3cm
in diameter; some boulders of max. 80cm.

Silty; gravel free horison; placky structure; cohesive;
yellow 10YR7/6 dry, brownish yellow 10YRS/8 wet;
indistinct boundary.

Fines with some pebbles; salt flecks; yellow 10YR7/8 dry,
brownish yellow 10YR8/8 wet.

Fines with some pebbles; salt nodules; reddish yellow
75YR7/6dry, 7.5YR7/6 wet.

Northen Negev — Zin Valley

Desert pavement covers 100% of the surface; well sorted
pebbles average 3cm in diameter; max. 20cm; well packed.

Silty; vesicular structure, medium developed vesicles of
1-2mm in dismeter; clear boundary.

Fines, gzavel free layer; indistinct boundary.

Fines, gravel free layer; some frisble gypsum flecks;
indistinct boundary.

Shattered pebbles with fines; gypsum nodules.

Petrogypaic horison; highly cemented; with some pebbles.

Central Negev — Makhtesh Ramon

Cover of pebbles 3-6cm in diameter.

Fines without vesicles; loose; powdery; yellow 10YRS8/8
moist, brownish yellow 10Y R8/8 wet; indistinct boundary.

Fines; powdery; some pebbles; brownish yellow 10YR6/8
wet; clear boundary.

Shattered gravel with fines; reddish yellow 7.5YR7/8 dry,
7.5YRO/8 wet.

Shattered gravel with fines; flecks of crystaline gypsum;
reddish yellow.

G20
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4¢ Reg Boll (age?)

depth,cm
A,
Ay 0-3
B, 3- 18
C, 16- 30
C 20- 78

47 Reg 8oll (age?)

depth,cm
A, '
Ay 0-0.2
B,. 0.2-§
C,.. 5- 26
C 26- 7%

48 Hammada Boll

depth,em
A
A, o- 3
B,, -7

Nodules of gypsum; reddish yellow 7.5YR8/8 moist, strong
brown 7.5YRS/8 wet.

The profile contains 40-50% fne carth from 7cm to 80cm.

Southern Negev — Bde Etayon

Desert pavement covers 70% of the surface; gravel max.
20-30cm, sverage 10cm in diameter; 30% of the cover is fine
earth.

Vesicular layer; abrupt boundary.
Gravel free layer; maesive structure; loose; brownish hue.

Pebbles (about 20%) Scm in diameter; massive structure;
browaish hue.

Flaes with about 20% pebbles; laminar horisontal struc-
ture; some crystalline gypsum (3mm in diameter) down to
80cm.

Eastern Sinal — Wadl El Qaalb

Medium sorted gravel (5-10cm) of limestone and flint cover
the surface; angular.

Vesiculss layer; vesicles of 0.5-1mm in dismeter; yellow
10YR7/8 wet; wavy bouandary.

Small pebbles; some salts; reddish yellow 7.5YRE/8 wet,

Fines with shattered gravel; many salts within the layer;
salts coat the gravel as well; reddish yellow 7.5YR7/8 dry,
7.6YRO/8 wet; wavy boundary.

Shattered gravels with salts lying on top of sandstone; salt
flecks and salt nodules in between the stones.

The profile contains 30% fine earth.

The compaction of the profile is loose,

Centrsl Negev — Mount Sagl

Desert pavement covers 85% of the surface; limestone peb-
bles of 2-3cm in diameter; some cobles of 15cm in diameter.

Bilty; very weak veslcular structure; very loose; yellow
10YRS/6 dry, 10YR7/8 wet; abrupt boundsry.

8ilty; gravel free horison; Inminar structure; friable lime
concretions; ysllow 10YR7/8 moist, gradual boundary.




fes

T~ 80

30- 40

49 Hammada 8oll

Ao

61

depth,em

0- 10

10- 30

80- 80
Hammada 8oll

depth,em

0- 10

10- 30

Hammada Soll
depth,em

1- 10

10- 28

208- 50

Gravel with some fines; friable lime and gypsum apots in
between the atones; yellow 10YR8/6 dry; abrupt boundary.

Petrogypsic horiscn; salt and gypsum underneath the
stones; white ines with gypaum crystals.

Central Negev — Mount 8agl

Rock fragments cover 80% ol the surface; average of 2-3cm
in diameter; some (-40%) rounded and angular cobbles;
biological crust with fines in between the stones.

Silty, gravel free; friable to loose; very pale brown 10YR8/4
dry.

Silt with pebbles 10-16cm in diameter.

Boulders with some fines.

Central Negev — Mount Lots

Rock fragments cover .60% of the surface; cobbles 10-15¢m
in diameter; biological crust in between the stones.

Fines with small pebbles; friable to loose; flaky structure;
some small vesicles under the biological crust; many roots;
very pale brown 7/4 dry, yellowish brown 10YRS5/8 wet;
gradual boundary.

Gravel with some fines; many roots cotrode the stones.

Central Negev — Hamelshar

Rock fragments cover the surface, averags 2-3¢m in diame-
ter.

Loamy silt; friable; very pale brown 10YR7/3 dry.

Loamy silt with 30% pebbles; friable structure; reddish yel-
low 7.5YR8/6 dry.

8oil in pockets of the eroded rock; reddish yellow 7.56YR6/6
dry.

Discontinuous gypsic layer in rock ctacks, and some fines.

G22
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§2 Hammadas 8oil

depth,cm
AO
A, 0-0.5
AB 0.6- 8
C.. 5- 40

58 Lithoaol

depth,c
Ao
A, 0- 12
B 2- 22
C,., 22- M4
C,.. 44+

64 Lithosol

depth,em
A 0~ a6
C a6~ 60

656 Lithosol

depth,em
A 0- 10
A, 10- 20
BC 30 5B
C, 88- 70

Southern Negev — Mount Berekh

Rock fragments cover 1009 of the surface, average 3-4cm
in diameter.

Vesicular layer; weak.
Silty with some gravel.

Shattered gravel with fines; loose; reddish yellow 7.5YR6/8
dry, strong brown 7.5YRS5/8 wet.

Judean Desert -— Mispe Hasagon

Detert pavement of chalk gravel, 50% of the surface.

Very gravelly (30%), fine sandy loam; vesicular layer, mas-
sive; soft; very pale brown 10YR8/3 dry, yellowish brown
10YRS5/8 wet; clear boundary.

Very gravelly (30%) loam; pink 7.5YR7/4 dry, strong brown
7.5YRS/b wet; abrupt boundary.

Cypsurm crust with some weathered chalk.

Weathered chalk.

Northen Negev — Sde Boker

Clay loam; loose; some rcots; light yellowish brown
10YRB/4 dry, yellowish brown 10YR5/4 wel; gradual boun-
dary.

Similar to above layer, with less roots,

Northern Negev - Sde Boker

Sandy clay loain; subangular blocky structure; lnose; many
roots; very pale brown 10YR7/4 dry, yelowish brown
10YR5/4 wet; abrupt boundary.

Gravelly layer (B0%) of average 20cm in diameter; some
fines.

Clay; subangular blocky structure; loose; 40% gravel with
max. 8¢m in diameter; lime nodules up to 2cm in diameter;
very pale brown 10YR7/4 dry and wet; gradual wavy boun-
dary.

Clay; massive structure; friable; gradual boundary.




T0¢

8¢ Lithosol

depth,cm
A 0- 20
C, 20- a8
C, 35- 60

57 Serosem 8oll

depth,cm
A, 0- 10
A, 10- 26
AC 26- &0
Ci.. 60- 82
Cia €3-101
Lo 101-134
Ci.. 124-138
Cree 138-167
C,.. 167-174
11C, 174-219
11C, " 2319-200

Clay; massive structure; very pale brown 10YRB8/4 dry,
10YR7/4 wet.

Northen Negev — 8de Boker

Clay losm; massive structure; friable ; many roots; very
pale brown 10YR7/4 dry, yellowish brown 10YR5/4 wet;
gradual boundary.

Clay loam to eandy clay; flaky structure; friable; 80-90%
cobbles 8-12¢m in diameter; very pale brown 10YR7/4 dry,
yellowish brown 10YRS5/4 wet; gradual boundary.

Sandy clay with eroded rock fragments; loose; very pale
brown 10YR8/4 dry, very pale brown 10YR7/4 wet; wavy
gradual boundary.

Jordan Valley

Loam; lime crystals; hard; very pale brown 16YR7/3 dry,
light yellowish brown 10YR7/3 wet; clear wavy boundary.

Silt loam to silty clay loam; crumb structure to vesizular;
hard; very pale brown 10YR7/3 dry, light yellowish brown
10YRG6/4 wet; gradual boundary.

Silty clay loam; massive; gradual boundary.

Similar to above layer; with white mottles and gypsum cry-
stals; eoft; gradual boundary.

Similar to above layer; massive; some white mottles and
large gypsum crystals; gradual boundary.

Silty clay loam; many gypsum and lime crystals; massive;
hard; white 5YRB/2 dry, light grey 5yr 7/2 wet; gradual
boundary.

Similar to above layer; lighter color; bedded structure;
gradual boundary.

Silty clay loam; gypsum and lime crystals; massive; hard;
very pale brown 10YRS8/3 dry, pale brown 10YR6B/3 wet;
gradusl boundary.

8ilt loasm; calcic; masive; hard; white 5Y8/1 dry, light
grey §Y7/2 wet; abrupt boundary.

Lisan marl; silty clsy loam; hard; white 5Y8/2 dry, pale
yellow 5Y7/3 wet; abrupt boundary.

Lissn marl, silt loam; hard; white 6Y8/1 dry, light grey
5YR7/2 wet.

G24




88 Serosem Boll

dopth,cm
AO
A o- 33
| L . 23- &0
B‘.. ‘o' 71
BC,, 71- 08
11C 98¢

$9 Gravelly Regosol

depth,cm
AD
C, 0- 40
C, 40- 60

60 Gravelly Regoaol
depth,em

13- ;7

27- 43
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Judean Desert — Rugm En Naga

Cover of flint gravel and stones; 50-70% of the surface.

Caleareous gravelly (20%) silt loam; faint, ine subanguylar
blocky structure; locse to slightly hard; light yellowish
browa 10YKO/¢ dry, strong brown 7.5YRE/8 wet; clear
boundary, with many stones.

Slightly gravelly (§%) silty clay loam with many (30%) soft
lime nodules; strong, fine subangular blocky structure;
hard; brown 7.5YRS/4 dry snd wet; wavy boundary.

Slightly gzavelly (§%) silty clay loam with some soft lime
flacks and some mycelia of crystalline gypsum; massive
slightly hard; brown 7.5YR5/4 dry und wet; wavy boun-
dary.

Silty clay loam with many mycelis of crystalline gypsum;
massive, hard; very pale brown 10YR7/4 dry, light yellow-
ish brown 10YRG/4 wet; clear boundary.

Massive silty loam disintegrating chalk with gypsum cry-
stals; very hard, pinkish grey 7.6YR7/2 dry, pink 7.5YR8/4
wet; gradual boundary to the underlying soft rock.

Southern Negev — Mount Amram

Angular rock fragments; pebbles average 5cm in diameter;
max. cobbles 10cm.

Shattered pebbles grading at depth from large to small, max.
S5cm in diameter; salts; brownish yellow 10YR6/0 dry, yel-
lowish brown 10YR5/8 wet.

Shattered pebbles with some salts; yellow 10YR7/6 dry, yel-
lowish brown 10 YR5/6 wet.

SBouthern Negev — Mount Amram

Angular gravel; average of 10cm in diameter, covers the
surfsce.

Small pebbles without ines, average 0.5¢cm in diameter; well
sorted; massive; well compacted; -10% fine earth; yellow
10YR7/8 dry, strong brown 7.5YR5/6 wet.

Small pebbles of average lcm in diameter; well sorted;
massive; some ines coating the stones.

Pebbel sand cobbles average lem in diameter; max.
15-20cm; 10% fine earth; medium sorting; massive; yellow
10YR7/6 dry, yellowish brown 1CYRS/6 wet.

G2
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Pabbles of average 1.5cm in dismeter; well compacted; some
fines coating the stones.

The compacting of the profile is loose.

81 Gravelly Regusol

depth,em
Ao
A, o- 2
C, 2~ 30
C, 30- 60
C, 60- 70
C, 70- 96
C, 96-138

82 Gravelly Regosol

depth,cm
A, 0- 10
C, 10- 36
8 35-100

S8cuthern Negev — Mount Amram

Rock fragments cover 100% of the surface,

Vesicular layer, vesicles of 3-4mm in diameter; wavy boun-
dary; some pebbles intruded from the above layer.

Pebbles of average 4.5-5cm in diameter, max. 10cm;
medium sorting; imbricate structure; massive; loose; -10%
of fines coating the stones.

Pebbles, average 2cm in diameter, max. 4cm; well sorted;
massive; 40% fines fill the spaces between the stones;
brownish yellow 10YR6/6 dry, yellowish brown 10YRS5/8
wet,

Pebbles, average 3cm in diameter; 20% fine earth; loose.

Small pebbles; average lcm in diameter, with granules;
10-15% of fine earth; salts are coating the stones; some of
the pebbles are shattered; compact packing; light yellowish
brown 10YR8/4 dry, dark yellowish brown 19YR4/8 wet;
clear boundary.

Angular pebbles of average 2.5-3cm in diameter; most of
the pebbles are shattered; salt crystals cover many stones;
from depth of 110cm downward, many salt and gypsum cry-
stals; light yellowish brown 10YR6/4 dry, brown to strong
brown 7,6 YR5/4-6 wet.

Eastern 8ilnal — Wadl Muketbila

Well developed desert pavement covers 95% of the surface;
medium sorting.

Unsorted gravel with many fines.

Fines with some unsorted grit and pebbles; looss.

The profile containe 40-50% fine earth.
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88 Dune Band
Pit No.

o o0 A W

46 Alluvial 8and

depth,cma
A o- &
B.. 4a-108
C, 108-138
C, 138-280¢

86 Alluvial 8and;

depth,cm
A o- 28
B,. 3- 7
B, 73-108
Crea 103-143
Ciea 143-210
C, 210-300

Western Negev — Mount Qeren

Climbing dume from west to east.
Active sand duno at a river bank, northen slope.
Btabilised sand dune at a river bank, upper crust (1-3cm)

Frisble sand dune at 5 river bank (50cm)

Western Negev — Be'er!

Loamy sand; massive structure; bard; light yellowish
brown 10YR6/4 dry, yelowish brown 10YR5/5 wet; gradual
boundary.

Sandy loam; hard carbonate nodules (-10%) Iem in dimeter;
hard; 9YR8/4 dry, dark yellowish brown 10YR4/8 wet;
gradual boundary.

Sand; some hard carbonate nodules (-2%); hard ;light yel-
lowish brown 10YR6/4 dry, yellowish brown 10YRS5,8 wet;
gradual boundary.

Similar to above layer, with less carbonate nodules; very
pale brown 10YR 7/4 dry.

Western Negev — Klssofim

Sand to sandy loam; friable; yellowish brown 10YRS/4 dry,
dark yellowish brown 10YR 4/4 wet,

Sandy loam; some hard carbonate coneretions (2-3%)
0.5-lcm in dismeter; massive to crumby structure; light
yellowish brown 10YR6/4 dey, yellowish brown 10YR5/4
wet; gradual boundary.

Similar (o above layer; Yellowish brown 10YRS/6 wet;
gradual boundary.

Sand; hard carbonate nodules (10%) 0.56-1cm in diameter;
masive to loose; very pale brown to light yellowish brown
10 YRO.5/4 dry, yellowish brown 10YRE/8 wet; gradual
boundary.

Similar to above sand, coarser and loose.

Simliar to sbove sand with very little smount of amall car-
bonate concretions.




67 Alluvial 8and

A

depth,cm

0~ 8

81~ 80

30-101

101-176

60 Sandy Regosol

A

C

C

aran

C,

depth,cm

0- 40

40-100

100-140

140-260

89 Brown Alluvial 8oll

A

depth,cm

0- 17

17- 4¢

44- 70

79-112

112-160

Weatern Negev - — Klssofim

Sand to sandy loam; friable; light yellowish brown
10YRG/4 dry, yellowish brown 10YRS/4 wet; gradual boun-
dary.

Sandy loam; some hard carbonate nodules (-5%); masive
structure; light yellowish brown 10YR6/4 dry, yellowish
brown 1¢ YRE/8 wet; gradual boundary.

Sand; some hard carbonate nodules (-2%); massive to loose;
light yellowish brown 10YR6/4 dry, yellowish brown
10YRS5/6 wet; gradual boundary.

Similar to above layer; light yellowish brown to yellowish
brown 10YRS5.5/4 dry and wet.

Western Negev — Yamlt

Massive rand; soft; very pale brown 10YR7/4 dry, light yel-
lowish brown 10YIR6/4 moist; gradual boundary.

Massive sand, somewhat finer with few hard lime nodules
(5mm); gradual boundary.

Masive sand with more hard lime nodules (2-3%) which de-
crease in number with depth; gradual boundary.

Coarser sand without lime nodules, from 190cm downward
the sand becomes finer agasin.

Jordan Vailey — Fatsael

Gravelly (-50%) silt loam; subangular blocky structure;
calcareous; hard; very pale brown 10YR7/3 dry, yellowish
brown 10YRG/4 wet; wavy boundary.

Very gravelly (-70%) silt loam; many big lime mottles;
petrocalcic horison in developement; subangular blocky
structure; hard; light brown 7.5YR68/4 dry, brown 7.5YR5/4
wet; wavy boundary.

Similar to above layer, coarser sandy loam; lots of lime
mottles; wavy boundary.

Gravelly (-60%) sandy loam; lime mottles; loose; light
brown 7.5YRS/4 dry, brown 7.5YRG/4 wet; wavy boundary.

Similar to above layer; about 707 gravel; no lime mottles.

G»
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20 Brewa Alluvial Sell

depth,cm
°-8

24~ 62

62-116

118-123

193-144

144-300

71 Brown Alluvial 8o}

depth,em

0- 10

10- 30

03- 74

76- 00

00~ 108
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Jordan Valley

Gravelly (-80%) loam; crumbly to platy structure

caleareons; hard; very pale browa 10YR7/3 dry, light yel-

lowish browa 10YRS/4 wet; wavy bouandary.

Loam with gravel (-20%); calcareoms; mrasive structure;
\anrd; very pale browa 10YR7/3 dry, light yellowish browa
10YRS/4 wet; wavy boundary.

Losmy sand with gravel (-70%) massive .n.'}un{ ‘

calearecas; looss; very pale brown 10YR7/3 dry, 11, - = ..
lowish brown 10YR8/4 wet; abrupt wavy boundary.

Sandy loam with gravel (-70%) massive structury;
caleareons; lose; verypale browa 10YR?/3 dry, light
yellwoelh brown 10YRS/4 wet; wavy boundary.

8ils Joam with gravel (-70%); massive to platy stracture;
calcareons; hard; very pale browa 10YRS/S dry, 10YR?/8
wet; wavy bouadary.

Loam with some gravel (-10%6); carbomate concretions and
mycelia; massive atracture; crumby; very pale browa 10YR
7/8 dry, light yellowish browa 10YRS/¢ wet; wavy boua-
dary.

Loam with gravell-70%); massive structure; calearecus;
loose; very pale browa 10YRS/3 dry, 10YR?7 /¢ wet.

Jordan Valley

Loam with some gravel (-5%); crumby; white 10YRS8/3 dry,
very pale brown 10YR7/3 wet; wavy boundary.

8ilty clay losm with some gravel (-5%); massive structure;
calearsous; hard; very pale browa 10YR?/3 dry, light yel-
lowish brown 10YR8/4 wet; gradual boundary.

Losm with some gravel (-20%); massive structurs;
cslcareons; hard; very pale brown 10YR7/8 dry, light ysl.
lowish brown 10YRS/4 wet; wavy boundary.

Bandy loam with gravel (-709%); loose; white 10YRS/2 dry,
light gray 10YR7/2 wet; wavy boundary.

Gravelly (-90%) with some sandy losm; salty ead calcars-
ous; looss; light gray 10YR7/2 dry, pals brown 10YRS/3
wet; abrapt boundary.

Lisan msrl — ollty clay loam with some gravel (-5%);
massive to platy structure; ealcareous; hard; white
10Y kue/id dry, light gray 10YR7/1 wet; gradaal boundary.




108-170

72 Brown Alluvial Soll

depth,cm
A 0- 19
C, 10- 40
C, 40- 75
C, 76-107
C, 107- 140
C.a 140-163
1., 163-180

78 Grumusol

depth,em
A 0- 18
B, 18- a0
B, 30- 87
B, 67-120
B,.. 120-180
B,.. 180-200

74 Grumusol
depth,cm

Ao

L e ———— -

Lisan marl — silty clay loam; platy structure; hard; very
pale brown 10YR7/3 dry and wet.

Jordan Valley

Loam with some gravel (.10%); salty and calcareous; loose;
vary pale brown 10YR7/3 dry, yellowish brown 10YR5/4
wet; wavy bounday.

Loam with gravel (*%- ~Y%); massive to loose; salty and
calcareous; very pale brown 10YR7/3 dry, yellowish brown
10YRG6/4 wet, clear wavy boundary.

Loamy sand with gravel (-25%); salty and caicarous; loose;
very pale brown 10YR7/3 dry, light yellowish brown
10YR6/4 wet; wavy boundary.

Loamy sand with gravel (-50%); massive to loose; salty and
calcareous; very pale brown 10YR7/3 dry, light yellowish
brown 10YR6/4 wet; wavy boundary.

Sandy loam with gravel (-40%); loose; salty and alcareous;
very pale brown 10 YR7/3 dry, light yellowish brown
10YR6/4 wet; abrupt boundary.

Petrocalcic horison, highly cernented.

Lisan mare beds; silty clay loam.

Western Negev

Silty clay loam; hard; brown 7.5YRS5/4 dry, brown to dark
brown 7.5YR4/4 wet; wavy boundary.

Similar to sbove layer; coarse columnar structure; hard;
gradual boundary.

Clay, coarse columnar structure; hard; brown 7.5YRS5/4
dry, brown to dark brown 7.5YR4/4 wet; gradual boundary.

Similar to above layer; blocky structure with slickensides;
some carbonate nodules (1-2%) 4-5¢m in diameter.

Ciay, carbonate concretions (5%); black mycelia of man-
ganese on aggregates; gradual boundary.

Similar to above layer; with slickensides; r>ddish brown
5YR4/4 dry and wet.

Fastern S8amarlan Mountains — Ma’al- Efralm

Rome Jimestone gravel is found on the soil surlace.

]
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75

10- 40

40- 76

76-136

126~ B0

Grumusol

depth,em

0- ¢

21- 45

456- 80

80-12¢

Calcareous clay; wide cracks, 23-30cm, fine platy structure;
very hard; reddish brown 5YR4/4 dry and wet; gradual
boundary.

Similar clay with very coarse columnar structure and
secondary platy structure; cracks.

Similar clay with polyhedric bicuneate structure;
indistinct boundary.

Similar clay with few hard lime concretions; dark reddish
brown 5YR3/4 dry and wet.

Jordan Valley

Silty clay loan.; calcareous; aggregate to platy structure;
hard; yellowish brown 10YR5/4 dry, brown to dark brown
10YR4/3 wet; abrupt boundary.

Silty clay loam to silty clay; calcareous; columnar, massive
structure; hard; light yellowish brown 10YR6/4 dry, brown
to dark brown 10YR4/3 wet; gradual boundary.

Silty clay; coarse blocky structure; calcareous; aggregates
coated with clay; very Liard; brown to dark brown 7.5YR4/4
dry and wet; gradual boundary.

Silty clay; calcareous; blocky structure; aggregates coated
with clay; diagonal slickensides ; hard; brown to dark
brown 7.5YR4/4 dry and wet; gradual boundary.

Similar to above layer; brown 7.5YRS5/4 dry, brown to dark
brown 7.5YR4/4 wet; gradual; bourdary.
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G.8.1 SELECTED SQILS AND DEPOSITS — DATA
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Soll Type:

Type of Surficlal

Deposit

Pbyeiographlc
Unit/Landfora

Pit Site

Local Parent
Materilal

Climate
(P,un/yT)

Region,
Location

Coordinates
(larael Grid)

Loessial Soil

Loessial Soil

Losssisl Soil

Brown Loessial
So11

Browm Loesslal
8o1l

Brewn Losssisl
501l

Light Browm
Loessial Soil

Light Brewn
Loessial Soll

Loescial Plailn

Alluvial
Terrace

Losseisl Plaln

Alluvial
Terrace

Undulating

Hill

Hillslope

Hillslope

Hillelope

Platean-
Divide

Lonss

Loess

Loess

Loese

Losss

Loess

Loess

Gi32

Senl-arid
(360)

Semi-arid
(270)

Sexi-aria
(2560)

Semi-arid
(300-360)

Semi-arid
(800-350)

Semi-artd
(800-350)

Seni-arid
(300)

Sesi-arid
(278)

Northwestern
Negev, Netlivot

Western Negev

VWeatern Negev

Vestern Negev

Yestern Neger

Yestern Negev

Vestern Negevy

Wastern Negev

0938 0840

ogo8 0837

1024 oee3

1032 0882

1028 0880

1083 0877

0963 0870

Baca

B2ca
Baca

Depth.
ca
o - 30
30 - 6O
60 - 856
86 -100
0 - 40
40 - 77
7 -112
112 -168
168 -180
130 -210
o - 27
27 - 70
70 - 97
97 -144
144 -160
160 ~-200
o - 26
28 - 62
52 - 98
96 -120
120 -180
o - 42
a2 - 78
78 -101
101 -120
120 -188
0 - 44
44 - 67
87 - 88
88 -118
116 -180
0o - 28
28 - 4b
46 - 65
66 - 90
0 -130
130 -200
o - 30
30 - 80
80 -113
113 -180
180 -210




stern
Hetlivot

Negev

1 Negevy

5 Negey

a Negev

}
!

|

F Negev

Fa Negouv

rn Nogev

1109

0938

0906

1024

1032

1028

1083

0963

0938

0840

0837

0883

0882

0880

0877

0870

Soil
Koriz.

Boes

Bzca
Baca

Cy
C2
Bocs

Baca

C2

Depth,
M
o - 36
30 -6
80 - 85
8L -~100
¢ - 40
46 - 77
7T -112
112 -158
158 -180
180 -210
o -2
27 - 70
7 - 37
§7 -144
144 -180
180 200
0 - 28
286 - b2
62 - w8
98 -120
120 -130
o - 42
42 - 78
78 -101
101 -120
120 -166
0 - A4
44 - 87
87 - 88
88 -116
116 -180
o - 28
28 - 46
4 - 8b
s - 20
90 -139
130 -200
2 - 30
30 - 80
80 -113
113 -i80
180 -210

Electrical Cypsum, Sand, Silt, Clay, Color,
Conductivity, L % % ] dry
mmho/cm
0.6 - 9.2 53.4 37.2 10YRE/4
0.7 - 11.4 82,4 28.0 10YRB/4
1.0 - 7.7 4B.2  44.1 7.BYR4.6/4
1.8 - 0.9 46.0 44.1 7.6YRE/4
n.4 - 63.6 20.8 18.8 10YR8/4
0.4 - 66.4 20.9 18.7 10YRG/4
0.6 - 5.8 28.3 17.9 -
1.7 - £§2.6 28.1 21.4 10YR6/4
3.3 - 4.2 296 28.3 10YR5/4
3.4 - 40.¢ 33.2 21.8 10YR8/4
0.7 - 7@. 9.0 10YRS/4
0.4 - 83.€ N 8.0 10YR6/4
0.4 - 83.0 [ 7.1 -
0.3 - 76.86  .6.1 g.2 -
0.7 - 80.2 28.2 13.8 -
0.6 - 72.1  18.¢0 9.0 -
0.8 - 36.2 44.1  20.7 10YR6.6/4
1.6 ~ 29.6 48.6 21.9 -
0.9 -~ 27.9 48.4 25.7 10YRE/4
1.4 - 39.0 42.3 18.7 -
1.7 - 40.8 41,0 18.2 -
0.6 - 46.7 37.8 18.6 10YR6/3
0.8 - 36.1 46.8 18.2 10YRG/4
0.8 88.6 46.3 18.2 -
0.8 - 28.8 60.6 20.7 QYRE/8
0.8 - 27.7 0.0 22.3 9YRS/6
0.8 - 34.2 37.8 28.2 10YRG/4
0.5 - 32.0 a8.2 290.8 -
0.8 - 34.3 38,1 20.8 10YR6/4
1.0 - 3s.s  36.7 25.7 10YR8/4
1.2 - 39.4 40.0 10.7 -
0.6 - - 17.9  12.3 10YR8/4
0.4 - - - 16.% 7.6YR7/4
c.4 - - - 13.7 ~
0.4 - - - 10.9 7.6YR8/4
0.4 - - - 7.4 7.6YR8/4
¢.b - - - 4.9 7.6YR7/4
1.3 - 89.4 20.7 9.9 10YR7/3
0.4 - 72.4 19.6 8.1 10YR8/4
0.4 - 79.7  13.9 8.4 -
0.4 - 87.4 V.t 3.6 10YR7/4
0.3 - 98.6 2.8 0.8 10YR7/4

Coordinataes
(larael Crid)

9YR4/4
10YRB/4
7.5YR4/4
7.6YR4/4

10YR4/4
10YRE/4
10YR4/4
10YR4/4
10YR4/4

10YR4/4
10YR6/6
10YRE/6

10YR4/4

10YR5/4

10YRGE/4
10YRG/4
10YR4/4
10YR4/4

10YR4/4
iCYR4/4
10YR4.6/4

10YR4/4

7.6YR6/6
7.6YR6/8
7.6YRG/8
7.6YRE/6

10YR6/6
1OYR6/8

10YR6/8
10YRS/8

Canan

O AR L e 1

nittts
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No. Soil Type:
Type of Surficial
Deposit.

9. Li{ght Brown
Loesslal Soil

10. Loeselal Serozem
So1l

11. Loessial Serozen
Soil

12. Loessial Serozem
Soil

13. Loessial Serozea
Soll

4. Loessial Serozem
Soil

16. Lceas

Fhysiograpbic
Unit/Landforem

Hillslope

Undulating

Hill

Hillelope

Hillelope

Plateau

Alluvial
Terrace

Archanclogica.

Site

Lower
Hillelope

Plateau-
Hillsiope
Crest

Lower
Hillelope

Lower
Hillslope

Plateau-
Saddle

Inside
Ruin
Fill

Local Farent Climata Regilor,
Material (P,am/yr) Location
Chalk Arid Nortkern Negev,
(96) Sde Boker
Loess Arid to Western Negev,
Moderately Be’'er Sheva
Arid
(i60)
Chalk Arid Northern Negev,
(95) Sde Boker
Colluviun Arid Northern Negev,
(9s) Sde Boker
Loess Arid Northern Negev,
(90) Sde Boker
Loess Moderately Judean Desert,
Arid Rujuz Er. Mags
(230)
Looss Extremoly Central Negev,
Arid Makhtesh Ramon
(80)
G333
e em e i o s s e g
AR

Coordinates
(Israel Grid)

1270 0310

1301 0700

1270 0310

1270 0310

1310 0294

1772 1044

144C 0018

e T R

S~1i
Horlion

Bica
B2sa
B2ga
Bb?cl;ll
Bb?ct.la
A

By

By

Boca
Bacs,ca
A

By

By
82cu,cs
Byca,ca
Bce,ca
Bocs,ca
Ay

h3

Bles
Boca

B3

¢

i

Dapth,
ca

0o - 8
8 - 20
20 - 40
40 - 6B
o - 12
12 - 33
33 - 61
81 -~ 01
91 -14i
141 -181
o - i7
17 - 40
40 - €0
80 - 78
78 -100
0 - 12
12 - 26
26 - 46
45 -~ 86
$ - 8¢
86 -11n
110 -130
0 - 10
10 - 22
22 - 36
3 - 70
70 - 82
82 -10%
106 -132
132 -186
0 - 1B
16 - 40
40 - 88
68 -107
107 -160
180 -180
0 - 10
10 - 30
3 - 66
65 - 60
60 - 76
76 - 86
Mgy o .

Elect]
Condy
oy

) s
O w o

I
o0y

3
n

o

41.
33.
33.
8.
36.
27.

L.
14.
20.
18.
18.1
18,1

12.
16.

7.
20.
13.
4.
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Coordinates S01) Cepth, Flectrival Gypoum, Sard, Silt, Clay, Color, Coior,
(Israel Grid) Horlz.r N Conductivity, 1 % % % dry wet
amho/ca
Kegev, 1270 0310 A ] 8 0.8 - 29.4 39.¢ 31.0 10YR7/4 10YRB/4
. 8; 8 - 2w n.4 - 2¢.5 385 42,0 10YR7 /4 10YRC/4
Boca ¥ 40 0.4 - 10.6  33.2 47.2  10YR7/4 10YR8/4
Cca 40 - 66 1.4 - 12.7 20.0 68.3 10YR7/4 10YR7/4
Negev, 1331 0700 A [v] H 4.3 - 35.2 48.8 18.0 10YR7/3 10YRB/4
eva Bica 12 -33 139 - 24.8 B3.4 217  10YR8/4 10YR6/8
Byuga 33 - 61 14.5 - 24.4 68.8 15.8 10YRB/4 10YR6/4
B2ga 81 -91  21.0 - 30.0 61.2 18.8 - -
Bp2ca.ea 91 -l41 19.1 - 22.4 548 22.8 10YR6/4 10YR4/4
Bp2cs,sa 141 191 18.4 - 24.4 62.6 23.0 - -
Negev, 1270 0310Q A o -1/ C.4 - 31.4 37.9 30.7 10YR7/4 10YR6/4
r By 17 - 4% 1.0 - 23.6 42.8 33.9 10YR7/4 10YR7/4
Bz 43 - 62 2.2 - 18.9 44.2 38.9 10YR7/4 10YR7/4
Bzca LI £ U 7.3 2.8 18.9 44.2 38.9 ~ - :
Bacy,ca 7B -100 0.8 4.0 1.4 46.£ 34.0  10YR7/4 10YR7/4
1 Negev, 1270 €3i0 A [V 9.7 - 33.8 33.6 32.8 10YR7/4 10YR6/4
3 4 By 12 - 26 6.7 - 33.2 2.3 4.6 10YR7/4 11YR8/4
Bp 28 - 45 13.4 2.4 20.0 34.¢ 38.4 10YRE/4 10YRE/4
Bgeg,ca 4% - 66 2.0 6.8 33.1 32.8 34.3 10YR7/4 10YR8/4 X
Bocg,c;, B85 - Bb 20.1 3.7 30.2 33.7 36.4 10YR7/4 10YR8/4
Bocg,ca 3t -110 26.¢ 2.6 34.3 28.§ 36.0 10YR7/4 10YRE/4 !
Barg,.a 1:0 -130 26,0 4.3 20.3  28.9 41.8 - - H
1 Negey, 131C 0294 Ay o - 10 1.4 - 41.9 38.3 21.B 10YR?/3 10YR7/3
[ 14 Az 10 - 22 0.8 0.6 33.8 41.0 25.2 10YR7/3 10YR7/3
Biga 2¢ - 3 41.6 3.6 28.0 46,8 26.2 - -
Boca 36 - 70 33.2 1.2 23.6 43.4 33.0 7.6YR4.6/4  7.5'R4/4
B3 70 - 82 33.2 1.0 25.86 . 36.4 7.6YRG/€ 7.6YR5/6
Cy B2 -108& 28.8 0.9 26.7 46.7 33.8 10YR8/4 10YR6/4
Cy 1656 -132 30.2 2.0 0.6 1.8 32.9 10YR8B/4 10YR6/4
By 132 -186 7.4 8.2 20.9 40.9 29.6 6YR6/8 8YRG/8
Desert, 1772 1044 A o - 15 2.0 - 28,6 620 18.3 10YR8.6/4 10YRE/8
n Naga Biea ib - 40 14.0 - 3.0 40.6 24.4 10YRE/4 10YR6/4
: PP 40 - 68 20.5 - 3.8 37.2 26.0 7.5YR6/4 7.6YR4.6/4
8y 88 -107 18.8 - 8.6 39.5 24.0 7.6YR8/4 7.6YRb/4
Bacs 107  -1560 18.0 2.0 20,7 44.0 27.3 7.6YR7/4 7.6YR7/4
Bucs 160 -180 5.8 - 23.7 41.56 24,8 7.6YRE/4 7.6YR6/4 .
Neger, 144 CO16 ¢ -10 12.0 4.1 44 .7 49.8 6.7 10YR&/4-8 10YR: /8 ‘
h Rason 10 - 30 16.1 1. 63.2 44.7 2.1 10YRS,6 1CYRB/6
30 - 5% 7.2 6.2 68.6 38.0 6.4 10YRE/6 10YR4/8
b6 - 80 20.7 6.6 3.0 82.1 4.9 10YRE/8 10YR6/8 -
80 - 76 13.8 16.6 42.8 66.8 1.8 2.6YRE/4 2.bYRE/8
75 - &b 4.8 9.8 44.8 46.2 10.2 10YR7/4 10YRG/8 !

i
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Ko, Boll Type; Physlographlc  Pit Bite Local Parent Climate Reglon, Coordinates So11 Depth, Ei
Type of Surficial Unit/Landforam Material (P,mn/yr) Location (Israel Grid) Horizon cm Cot
. Deposit
18.  Loess Archaeological Inelde Loess Extromely Southern Negzev, 1464 9286 ¢ - b )
5ite Ruin Arid Uvda Valley 16 - 26
Fill (40)
17.  Taxyr Soil Playa Playa- Fine Extrenmely Southern Negev, 1408 9267 Ay o - 30
Ceater Alluviua Arid Sabarut Valley Cy 30 - 40
(40) Co 40 - 70
18.  Takyr Soil Plays Plays- Fine Extrenmely Southern lLegev, 1350 882C A 0o - 12
Margin/ Alluvius Arid Qs En Nagqd Ces.on 12 - B0 1
Center (3s) Ceg.qa B0 - 80+ i
19.  Takyr Boil Playa Playa- Fine Extremely Boutbern Negev, 1360 8916 Ay 0o - 5
Center Alluviua Arid Qs En Nagb A3 B - 10 i
(35) _ Bocg,ea 10 - 20 4
B3 20 - 28 4
C 26 - 40 {
c 40 - 80 {
20. Takyr 801l Playa Playa- Granie, Extremsly Fastern Sinai, 1298 8879 Ay 0o - 4
Margin/ Igneous, Arid Wacdl Mukeibila Cy 4 - 14
Center Metarmorphic, (26) Cg 14 - 60
Limestone,
Sandstone
21. Soloncbak Soil Plateau Plateau- - Semi-arid Eastorn Samarian 1805 1646 Ay 0 -13
faddle (260) Mountains, A3 13 - 30
Ma’'ale Efrsin By &0 - 80
By 80 -100
B2cs 1¢0 -120
22. Bolonchak 8oil Playa - Fine Extrensly Dead Ses, 1864 0436 0 - 2 1
Alluviua Arid Ein Tamar 2 - 14 1
(60) 14 -30
30 - B0 !
60 - 74 :
74 -110
110 -130 .
130 -180 i
. 160 -180 ‘
180 -210
23. Solonchax Soil Playa Playa- Fine Extrezely Southern Arava, 1610 8965 0 - 2
Margin/ Alluviua Arid Avrona Plays 2 -10 i
Center (30) 2 -16 '
16 - 26 1
16 - 26 '
42 - 36
42 - 76
G 34

e TR K




Coordinates
(lerasl Grid)

So1l1
Horizon

Electrical
Conductivity,
maho/ca

Sand,
X

Color,
ary

Color,
wot

n Negev,
Yalley

m Negev,
e

fn Kegov,
Kaqb

h Sinal .
juteiblla

1484 9288

1498 9267

1360 8920

1360 8916

1208 8878

n Samarian 1896 1646

ine,
Efralm

e Aravas,
 Playa

1864 04356

1610 8966

Ay
3!
c2
Ay
Ccs,0a
Cea,oa

Ay
A3

Bzes

Depth,
cz

o - &
1t 25
o - 30
30 - 40
40 - 70
0 - 12
12 - 80
60 ~ 80+
o - 6
5 - 12
10 -2
20 - 28
28 - 40
40 - 80
0 - 4
4 - 14
14 - b0
g - 13
13 - 30
30 - 80
60 -100
1920 -120
o - 2
2 - 14
14 - 30
30 - 60
60 - 74
74 -110
110 -130
130 -180
160 -180
180 -i10
o - 2

2 10

2 - 16
16 -~ 26
16 - 26
42 - 3%
42 -~ 7

P o~ WO
w o .

27.
29.

13.
40.
49.
41.
40.

(=]

- o e OO

P e DO ND NOAIBRN RO ~® BAO LD

136,
132.
a7.
41.

az.
39.
B4.
43.

108.
63
Q6.

166.
o4,
67.
21,

8.3

. -
-~ -

[ -
BN s RO WO N~ o

F AP NOCEN S NDVOBWW OO

13.2
12.8
10.4

-
[ )
~N o

- [ e
O NO - =N -0
B NO NN O M

-~ ™
[
- ®

668.7
87.8
72.4
48.3
80.1

74.
82,
47.

Silt, Clay,
% %
19.0 6.0
23.3 4.6
47.9 14.2
66.3 24.9
63.8 19.2
61.3 48.7
64.2 46.8
490.9 3b.9¢
28.0 6i.2
8.6 63.4
21.6  84.1
26.7 00.6
60.86 38.5

.8
0
0
1

41.9 449
40.6 46.8
41.5  48.1
41.2 4a.8
41.8 48.5
54.7 27.2
40.0  20.0
60.4 37.5
59.0 29.5
48.6 60.0
66.0 40.3
64.0 45.0
48,8 14.7
69.3 38.8
69.6 31.1
25.8 4.4
18,1 7.8
27.3  16.0
~m-12.4---
16.6 11.8
=-Bi.T----
14.¢ B0

10YR?7/8
10YR7/8

10YR7/8
7.6YR7/8
10YR7/8

107TR6/8
10YRS/8
10YRS/8

7.EYR7/4

7.6YR8/4

7.6YR8/4
7.6YR6/4
7.5YRG/4
8YR4/4
§YR4/4

10YR7/2
6Y7/3

2.5Y8/2
2.5Y8/2
2.5Y8/2
2.6Y7/2

.6YR7/8
.BYR7/8
.BYK7/8
.BYR?/8

~N NN~

10YRE/8
10YR6/8

10YR6/8
7.6YR8/6
10YR8/8

7.6YR8-6/8
7.6YR8-5/8
7.6YR8-B/8

7.6YRA.6/6

7.6YR4/38

7.5YR4/4
7.6YR4/4
7.5YR4/4
SYRA/4
6YR4/4

10YRE/3
10YRS/4
.6Y8/2
.6Y6/3
.6Y6/8
.BY8.5/2
.6Y7/2

NN YN

.6YRE/8
.BYR6/6-8
.BYRE/8
.6YR6/4
.6YR6/8
.BYRE/8
.BYRB/8

NNNNNaa

[ —
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Soil Typo:
Type of Burficial
Deposit

Physlographic
Unit/Landfora

Climate
(P,om/yT)

Region,
Location

Coordinates
(Israel Grid)

Soil
Horizon

25,

ae8.

0.

31.

az.

Solonchak Scoil

Alluvium

Alluyviua

Alluvium

Alluviua
(8sline)

Reg Soil,
Holocene

Reg Boll,
Holocene

Reg 8011,
Holocene

Reg Boil,
Holocene

Active
Flond-plain

Active
Flood-platn

Active
Flood-plsain

Active
Flood-plain

Allurial
Fan Terrace

Alluvial
Terrace

Allurisl
Terrace

Alluvial
Fan Terrace

Playa-
Center

Channel

Channel

Graval
Bar

Liasestone,
Dolonite,
Flint

Fine
Alluvius

Granite

Limastone

Limestone,
Dolomite,
Flint

Limestone,
Flint

Limestcne,
Dolomite,
Sandstone

Granite,
Ignecua,
Metamormhic,
Limestone,
Sandstone

G3s

Extremely
Arid
(20)

Extremely
Arid
(80)

Extremely
Arid
(40)

Extromsly
Arid
(20)

Extresely
Arid
(80)

Extremoly
Arid
(60)

Extrensly
Arid
(4¢)

Ext.enely
Arid
(80)

Extremely
Arid
(26)

Eagtorn Sinal,
Bir Swelr

Dead Sea,
Nabal Ze'elim

Southern Negev,
Uvda Valley

Eastern Sinal,
Vadl Mandars

Central Sipai,
Bir Thasada

Daad Sea,
Nahal Ze'elin

Bouthern Negev,
¥ad1l Paran

Scuthern Negsv,
Timna Valley

Eastern Sinsl,
VYadi Mukeibila

1243 8666

1845 0846

1478 9360

1040 8100

0000 9660

1846 0365

1464 9700

1480 9114

1206 8870

B2es
[+

Depth,
cm

o - 2

2 - 30
30 - 65
o - 2
2 -17
17 - 26

o - b
6 - 18
16 - 20
20 - 26
26 - 33
33 - 40
40 - 60
60 - 66

0 - 6

6 - 10
10 - 80

0 -10
10 - 24
24 - 40
4 - 58
68 -110

0 - 0.6
0.6- 4.5
4.6- 36.6
0.3- 10
10 - 17
17 - 40
o - 2
2 - 3.6
3.6- 8

9 - 14

9 -1

1 - 2

2 - 3.6
3.6~ 12
3.6- 12
12 -~ 48

- e e £ e
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1 - A - T
Coordinates Soil Depth, Electrical Gypeua, Sand, Silt. Clay, Color, Color,
(Tarasl Grid) Horizon cm Conductivity, X % X X dry wot
amho/ca
nal, 1243 0658 ! 0o - 2 37.: 3.8 84.4  34.1 1.6 - -
Clga,ca 2 - 30 66.7 4.1 87.0 30.2 2.8 - -
Cocp,sa 30 65 159.3 14.2 - - - - EYRG/8
1846 0845 o - 2 0.4 0 99.0  ----1.0---- - -
11a 2 -7 0.1 ] $6.8 ----3.2---- - -
17 - 2 0.2 o 97.86  ----2.4---- - -
egev, 1478 9360 0o - & 0.7 (] 62.6 33.0 14.4  10YR7/8 10YRS/
y 5 - 15 0.2 [ 87.6 43.0 10.2 10YR7/8 19YR8/8
16 - 20 0.3 [ 88.1 22.8 g.1 10YR7/8 10YRS/8
20 - 26 0.3 0 14.5 €5.1 20.4 10YR7/6 10YR7/8
25 - 33 0.3 0 87.4 ---12.8---- 10YR7/8 10YRS/8
40 0.3 0 96.8 ----3.2---- 10YR7/6 10YR7/8
40 - 80 0.3 0 - - 10YR7/8 10YR6/8
50 - 65 0.3 0 6.8 -~-—-4.1---- 10YR7/8 10YRS/8
nai, 1040 B100 0 - & 0.2 [ 87.5 10.8 1.9 - -
ra E - 10 0.2 ° 88.1 12.3 1.7 - -
10 - 80 0.1 [} 96.8 ~---4.2--—- - -
nai, 0000 9660 A o - 10 10.9 0 88.2 9.9 1.9 10YR7/4 10YRS/ ¢
AC 10 - 24 30.1 0 90.¢ 7.2 1.9 - -
¢y 24 - 40 18.9 0.2 95.8 2.2 2.0 - -
¢ 40 - B8 14.8 0.1 96.5 3.3 1.2 - -
¢y 66 ~110 14.0 0.3 96.6 3.0 1.4 - -
1846 0856 Ay 0 - 0.5 1.4 0.2 18.6 83.3 18.2  10YR7/3 10YR8/4
DT B 0.6- 4.5 2.1 0.2 32.0 48.7 19.3  7.LYR7/6 7.6YRG/8
c 4.6- 36.6 18.8 8.4 42.1 62,9 6.0 10YR?/4 10YRS/4
logey, 1484 0709 B 0.3- 10 8.3 1.4 28.8 £6.3 15.9 10YR7/8 10YRS,'8
! Beyg 0 - 17 6.8 31.4 68.1 26.9 6.0 - -
¢y 17 - 40 7.3 10.6 2.4 ----7.8~--- - -
lagey, 1468 0114 Ay o - 2 0.5 0 84.9 13.4 1.7 - -
..y Ay 2 - 3.6 3.4 0.2 46.2 38.0 18.8 - 7.6YR8.6/4
B 3.6- 8 10.9 ~ 68.9 23.0 10.: - EYR4.5/8
€y 9 - 14 9.1 1.7 80.8 17.2 2.2 - -
-nai, 1296 8870 Ay 0 - 1 0.7 o 69.2 32.8 8.2 10YR7/4 10YR6/4
.blia Ay 1 - 2 1.4 0.2 26.7 66.8 17.7 - -
By 2 - 3.6 1.0 0 90.1 7.1 2.8 fYR6/8 6YR6/7
Boce 3.6- 12 8.8 1.9 03.8 5.1 1.3 7.6YR7/4 -
Bace 3.6- 12 0.4 0 87.8 8.6 2.9 - -
c 12 - 48 7.1 0.4 £3.0 5.2 1.8 - -

[re—
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________________________________________________________________________________________________________________________________________ p
No.  Soil Type; Physiographic Pit Site  Local Parent Climats Reglon, Coordinatee  Soli Depth, El
Type of Surticial it/Landfora Material (P,na/yr} Location (lsrael Grid) Horizom cr Cq
Deposit {

33.  Reg Soil, Alluvtal Channel Sandstone, Zxireme v Eastern Stmal, 1170 834% A, o - 3

Hoiovene Terrace Grapite Arid Vajil Kausolt By 3a - 8
(22) <, [ 30 4

Rg 30 - 60

84. Reg Coit, Alluvisl - Limestone, Extremely Cantral Negev, 1330 0040 Ay o - 3
Fleistocens Terrace Doloaite, ATid Makhtesh Ramon By 3 -15 |
Eandstone (80) Cy 13 - 20

o 20 - B0

36. Reg Soi1l, Alluvia) - Limestone, Extromaly Aravs Valley, 1768 0182 A o - 1

Plelstocene Terracs Flint Arid Hatzova Bys 1 - b

(80) B, - 12

Bea 14 - 20
Ces 0 - 32 f

C; 29 - B2

Cco 53 -100

N 100 -117

o 117 -13b

38. Reg 8011, Alluvial - Limestone, Extromely Southern Negsv, 1460 9728 Ay o - 3

Pleletocune TerTace Flint Arid %adl Paran BCy a8 -13

(50) ) 13 - 42

Ca 42 - b2

37.  Reg Jo1l, Undulating Plateau- Limestone, Extremely Bouthern Negev, 1613 #487 A o - 2

Plelstocene Hill Hillslope Flint Arid Nabal Hiyyon Az 2 - 8

Crest (60) Byce 6 - 21

Bacy 21 - 38

By a - 650

Cyra 60 - 78

Cice 78 - 94

Ciee 94 -128

Ciea 126 -150

By 160 -170

38. Reg Boil, Alluvial - Limestone, Extrensly Southern Negey, 1600 9348 A 6 - 3

Flelstocene Terrace Dolomite, Arid Qetura Bg 38 - 8

Flint {60) Bacy 8 - 15

Bacs 16 - 22

Bace 22 - 38

Cres 38 - 53

C: 53 - 78

Cy 76 -102

Clca,ce 102 -126

cy 126 -140

G




Coordinates So1l
\ (Israel Grid) Horizmm

War, 1170 834¢ A
1330 0040 %

1ley, 1768 0182 A

 Negev, 1480 0738 Ay
'an BCI
‘ Cy

 Nogev, 1613 9467 Ay
Jyon Ag
B2ce

Cyen
Cice
Cice
Cics

1680 9348 A
By
Bzes
B2co
B3cy
Cico

Negey,

€y

Cics, s
€1

Mepth,  Flectrieal
cm Conductivity,

anho/ca
¢ - 3 0.0
3 8 0.2
£ ke LRt
4w - bu 0.2
¢ - 3 8.6
3 -13 1.2
12 - 20 1z.e
26 - 60 13.0
0 1 41.2
1 - t4.9
b - i2 12.9
12 - 20 88.6
0 -39 /:.8
g - 82 3.1
b2 -10¢ 37.0
100 -1°7 48.0
117 -:3b 72.7
o 3 38.7
- 13 21.3
3 - 42 19.2
4z - b2 33.6
o 2 2.0
2 - 8 3.2
6 - 21 47.3
a - 38 456.2
38 - 50 49.0
50 - 78 32.2
78 - 94 £8.1
04 -128 63.1
126 - 160 38.9
180 -i70 70.7
o - 3 8.2
3 - 8 9.0
8 - 16 48.8
16 - 22 44.8
22 - 38 63.86
38 - 53 47.1
63 - 78 48.6
76 -102 60.2
102 -126 37.7
126 -140 61.8

[N

10.4

4b.®  :0.3
12,1 1.9
P . T
T J R
43.3 13.0
66.6 12.3
47.3 7.0
41.2  §.5
3.7 9.3
438 8.4
23.7  18.%
12.6 4.3
13.8 18.8

8.1 :s
11.0  14.3
4.8 0.8

2.2 2.2
£64.7 11.2
54.2 10.9
0.0 8.8
-~-28,7---~
36.4 26.2
4.6 12.2
38.1 4.2
38,8 14.0
3.6 16.1
31.2 43.4
42.8  25.4
48.4 12,4
2.0 8.8
7.6 11.1
38.4 14.8
30.4 4.4
34.8 21.1
38.0 12.8
26.4 8.8
208 7.2
10.8 8.0
23.2 5.6
27.2 8.0
3.2 8.8

7.5YRH/6
7.8YR7/8

10YR7/8
10YR7/8

10YR?/2
7.6YRB/8

10YR8/1
12YR7/3

10TR7/4
10YR?/8
7.6YR8/8

1CYR7/4
7.8YR7/4
&YR8/6
7.6YR8/8

7.6YR6/8

BYR4/8

7.6YRE/8
7.6YR7/4
7.6YR7/4
7.6YR7/4
7.6YR7/4
7.6YRE/8
10YR7/4

10YR7/4

7.6YR?/8
7.6YR8/8

10YRG/8
10YRE/8

i.Ya8/8
7.6YR6/8
7.6YR6/B
10YR?7/3
19YRE.5/4

1CYR7/8
10YRE/8B
7.6YR6/8

10YRB/4
7.6YRG/8
6YR4/6
7.6YRG/8
7.EYRE/8
7.6YRS/8
7.6YR7/4
EYR4/8

7.6YRB/8
7.6YRE/8
7.6YR8/8
7.6YR8/8
7.6YRE/8
7.6YR4/8
10YRb/6

10YRG/6

e
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No.  Soll Type: Poysiographic  Pit Bite Local Pareat Climate Regton, Coordinates Soil Deptn, Elec
Type ol Surficisl Unit/Landform Material (P,mm/yr) Location (Israel Grid) Horlzon ca Cond
Deposit an

39. Reg Soil, Allurial - Limestone, Extremely Southern Negev, 1447 Q004 Ay o - 2 11
Plelstocens Terrace Dolomite, Arid Timna Valley By 2 -2 14

Sandstone (30) B,y 20 - 60 37
€ 60 - 90 22
() 90 -110 26

40. Reg 50il. Alluvial - Granite, Extresesly Esstern Sinal, 1173 8348 Ay o - 2 12

Pleistocens Tertace Sandstone Arid VYadi Khuveit B 2 - 18 16
(20) C 16 - 70 26

41. Reg Bo1l, Platean - Flint Extreasly Contral Sinai, A o - 3 8

Pleistocens Arid Ay 3 - ¢ 34
(30) By 9 - 19 48

Bacs 19 -3 8¢

Byga,ca 36 - 47 182

Cica 47 -7 24

Cics 75 -100 48

42. Reg 8011, Platean Plateau- Limestone, Extresely Cantral 8inal, 000 966 A o - 7 10

Plelstocene Divide Flint Arid Boga 7 -18 36
(80) Bags 18 - 26 38

BCqp % - 30 €

Cisa 39 - b0 38

Cieo 50 - 80  2¢

< 8 -9 22

C 95 -120 22

43. Rag Soil, Paved Talus Lower Dolamite, Extreaely Central Negev, 1328 0042 Ay 0 - 6 ‘
Pleistocens Talus Linestone Arid Makhtesh Ramon ¢y G - 26 1

(80) cy 26 - 50 7
44. Reg Boil, Alluvial - Limestone, Extreasly Northern Negev, 1626 0332 Ay
Tertiary Terrace Flint Arid Zin Valley By 2 -10 2f
(70) By 10 - 16 14
BC 16 - 40 11
Byce 40 -160  1E
45. Reg Boil, Paved Talus Center Basslt Extreaely Central Negev, 1388 Q977 Ay 0o -1 ¢
G137
_ - = _ R _ L L
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Coordinates Soil Denth, Electrical Gypsum, Sand, Silt, Clay, Color, Color,
(XIsrasl Grid) Horizon ca Conductivity, ] L ] ] dry weot
maho/ca
fev, 1447 9004 Ay o - 2 11.1 1.0 47.9 40.2 11.9 7.6YR8/8 7.6YR6/8
4 By 2 -2 14.6 1€.9 63.1 43.8 3.1 7.6YR?/4 7.5YR6/8
By 20 - 80 37.2 7.8 85.7 28.2 8.1 BYRG/8 BYRG/6
Cy 60 - 90 22.8 8.2 74.2  20.4 6.4 EYR8/4 6YR6/8
cy 90 -110 6.8 2.2 82.3 12.3 6.6 7.5YR8/8 7.6YR6/8
b1, 1173 as48 Ay 0 - 2 12.9 0.4 42.9 48.1 11,0 7.6YRB/4 7.6YR8/8
L B 2 - 16 16.8 0.9 71.1 20.8 a.e 7.6YR7/8 7.6YRE/8
¢ 15 -70  26.8 7.2 84.5 18.2 2.3 - - :
ri, Ay 0o - 3 0.4 0.1 §2.4 386.4 11.3 10YR7/3 10TR6/B
Az 3 - 9 .9 0.8 87.6 26.9 6.3 10YR7/8 10YR8/4
By 9 - 19 48.0 0.7 73.9 20.% 6.8 7.6YRS6/6 7.6YR6/8
Bgca 10 - 36 88.3 13.4 88.6 21.8 11.7 7.6YR6/6 7.6YRE/8
Baga,cy 36 - 47 182.8 0.3 41.8 36.9 22.2 7.6YR6/4 7.6YRE/6
Cice a7 -76 1.3 4.0 - - - 10YR8/3 10YR8/4
Cice 76 -100 48.1 20.4 - - - 10YR8/3 10YR8/4
h1, 000 966 A o - 7 10.0 o 71.3 144 143 LOYR8/4 10YRE/4
Baga - 18 36.1 0.3 53.3 42.5 4.2 5YR4/E 6YR4/6
B3ga 16 - 25 38.5 1.2 64.8 21.9 13.2 - 5YR6/8
BCgqa 26 - 39 §6.4 6.2 8.7 24.3 17.0 7.6YR7/4 7.6YR8/8 ;
Cyoa 39 - 60 3.8 10.2 62,6 21.0 15.3 10YR7/3 10YR8/6 \
Cice 60 - 80 26.5 6.7 80.6 17.4 22,0 - - H
Cy 80 - 96 22.8 8.1 76.7 14.8 0.8 7.6YR7/4 7.6YRB/8 :
Cy 96 ~120 23.9 1.6 77.8 11.0 11.4  7.6YR6/8 7.6YRE/8
v, 1328 0042 Ay 0 - & 3 0.3 47.4  40.2 12.4 10YR7/8 10YRS/8
n Cy 6§ - 26 11.3 1.2 4.6 3.8 18.3 10YR7/8-8 10YRS/8
C3 26 -~ 50 7.5 3.3 4.1 40.8 13.1 7.6Y87/8 7.6YR7/8
#.v, 1526 0332 Ay
By 2 - 10 28.8 1.0 16,8 71.8 11.8 - -
Bg 10 - 16 12.6 5.9 16.6 80.C 23.¢ - -
BC 15 - 40 1.9 8.8 12.2 ©65.6 82.8 - -
Bucs 40 -1850 18.0 28.4 41.6 384.5 24.0 - -
ey, 1366 9977 Ay 0 - 1 8.8 0.3 4.6 B1.9 7.6 10YR8/8 10YR&/8
r

%

da

i :




No. Soll Type:; Pnyelographic  Pit Sive Local Parent  Climate Region, Coordinates So1l Depth,
Type of Surficial Unit/Landform Material (P,mn/yT) Location (larsel Grid) Hortzen ca
Deposit

48, Reg Bo1l, Alluvial - Limestons, Extremely Southern Negev, 1246 8864 Ay o - 38

(age?) Terrace Flint Asid §de Etzyo:. B, 6 - 10
136) B, 10 - 20
By 20 - 30
Ceq 30 -~ 60
Ces 70 ~ 76
47.  Reg 8011, Paved Talunm Upper Lisestone, Extremaly Eastern Sipai, 1233 8666 Bg, 0.2- 6
(age?) Talus Flint Arid %adi E1 Qrald Clcs - 28
(20) Cacs 26 - 76
48, Hammada 8oil Platesu Plateau- Lissstone Arid Central Nagav, 11B6 9743 Ay o - 3
Hillslope (100) Mount Bagl Bey 3 -7
Crest Coes 30 - 40
45. Bammada 804l Rocky - Lisestone Arid Central Negev, 1156 0743 A 0 -10
Hillelope (100) Mount Sagl
60.  Basaads 8011 Platesau Plateau-  Limestons Arid Central Yegev, 1128 9912 Ay o -10
Hillslope (100) Mount Lotz
Crest
5i. Hammada Boil Hillelope Platean- Dolomite Extremely Central Negev, 1467 9021 Ay o -1
Hillslope Arid Hamelebar B 1 -10
Crost (80) BC 10 - 128
Bes 28 - 60
62. Bamsada Soil Plateau Plateau-  Dolomltae, Extremely Southern Negev. 1416 9117 Cey 5 - 40
Hillelope Limestone Arid Mount Berekh
Crest (86)
63.  Lithosol Undulating - Chalx Arid Judean Desert, 1720 1082 Ay 9 - 2
111 (90) Mitzpe Hazazon B 2 -2
Cice 22 - 44
Cice “ -5
64. Llithoeal Hillslope - Chalk Arid Northern Negev, 1270 0310 A 0 -8
(95) e Boxer c 3 - 80
G

H
g
A




- = T - - == — 4
r—————rgmgere [
Rogion, Coordinates Soil Depth, Electrical Gypsum, Sand, S§1lt, Clay, Color, Color,
T) Location (Israsl Grid) Horizon cn Conductivity, % % b dry wet
amho/ca
___________________________________________________________________________________________________________________________________ 1
1y Southern Negev, 1246 8864 Ay n - a 6.0 0.4 51.07 34.68 14.27 - -
Sde Etzyon By 5 - 10 2.0 0.7 67.07 32.71 10.22 - -
B, wo- 9.6 1.6 58.42 27.32 14.28 - -
By 20 - 30 1 2.2 61.83 26.66 11.82 - -
Ceo 30 - B0 10.1 2.2 66.41 26.19 8.40 - -
Ces 7 - 76 M1 4.2 60.83 ---30.37---- - -
1y Eastarn Sinal, 1233 856 Be. 0.2 7 20.8 i.8 21,7 61.5 18.5 - 7.5YR6/8
Vadl El Qeald Cree 5 - 2b 17.1 16.3 - - - 7.6YR7-8/8  7.6YRG/8
Coce 26 - 76  44.6 14.3 - - - - -
Central Negev, 1166 0743 Ay 0 - 3 17.2 0.9 38.3 50.2 13.6 10YR8/6 10YR7/8
Mount Sagl B, 3 - 7 238 16.8 30.0 48.1 23.9 - 10YR7/8
Caee 30 - 40 18.8 23.6 - - - 10YRB/8 -
Central Negev, 1155 9743 Ay 9 - 10 0.8 () 32.6 61.0 18.§ 10YR8/4 - -
Mount Sagi =z
Cantral Negev, 1128 9912 Ay o - 10 0.4 0 20.3  80.2 10.6 10YR7/4 10YRS/8 -
Mount lotz =
(¥ Central Negev, 1457 9921 Ay o 1 - - 20.8 67.5 11.7  10YR7/8 - E
Hamelshar B 1 - 10 - - 20.6  83.0 18.6 7.6YR8/8 - - 1
BC 10 -2 - - 83.4 48.8 10.9  7.6YR8/% - :
bey 28 - B0 - - 26.8 23.1 1.1 - -
-y Bouthern Negev, 1416 0117 Cea 5 - 40 29.0 6.7 39.0 48.5 11.5 7.5YR8/8 7.6YR6/8 5
Mount Berekh ;
Judean Desert, 1720 1082 iy o - 2 1. - 38.1 37.8 24.3 10YR7/4 10YR6/8
Mitzpe Hazagzon B 2 -22 2.1 - 41.9 30.8 18.6 7.EYR7/4 7.5YRE/8
Cyce 22 - 44 - 0.9 - - - - -
Cice “ - 64 17.7 13.6 18.7 38.4 42.9 - -
i Northern Negev, 1270 0310 A o -3 1.0 3.6 20.3  41.1  20.8 10YR8/4 10YRE/4
. 8de Boker c 3% - 80 0.8 1.4 26.6 309.8 83.8 - -




N¥o.  Soll Type: Physiographic  Plt Site Local Parsnt Climate Region, Coordiuates Soil Depth
Type of Surficial Unit/Landforms Material (P,am/yr) Location (Israel Grid) Herizon ca
i Deposit
§6. Lithosol Hillslope Center Chalk Arid Northern Negov, 1270 031C A o -
Hillelope (96) Sde Boker BC 30 -
<y 65 -
Coze 70+
56. Lithosaol Hillslope Center Chalk Arid Northern Negavy, 1270 0310 A o -
Hillelope (96) Sde Boker C, 20 -
Co 35 -
§7. Serozea So0il Alluvial - Coarse Arid Jordan Valley 1963 1487 Ay 0 -
Terrace Alluvium (130) A3 10 -
AC 26 -
Cicy 60 -
Cica 62
Cicy 01 -1
Cico 124 -1
Cicp 138 -1
Cicq 167 -1
115 174 -z
i3, 219 -2
68. Serozer Soi) Plateau Plateau- Flint Modorately Judean Desert, 1784 104b A 0 -
Hillslope Arid Rujm En Naga Baca 22 -
Crest (230) ey 40 -
B3ce LU
BCeq n -
11C., 08+
58.  Gravelly Regosol Sieve Daposit  Upper Igneous, Extremely Southarn Negev, 1486 8386 Cy 10 -
Talas Talue Acid VYolcanic Arid Mount Asraa Cy 30 -
(30)
80. Gravelly Regosol Sieve Daposit  Center Igneous, Extreacly Southern Negev, 1466 8085 6 -
Talus Talus Acid Volcanic Arid Nount Amraa 27 -
(30)
81.  Gravelly Regosol Sieve Deposit - Igneous, Extresely Southern Negev, 1453 BG7C Ay o -
Talus Acid Volcanle Arid Mount Amraa Cy 30 -
: (30) cy 70 - .
: Cy 06 -3
B 82. Gravelly Regosol Sleve Deposit Center Granite, Extreaely Eastarn Sinaj, 1288 8859 g 40 -
‘Talus Talus Igneous, Arld Yadi Mukeibdila S 80 -
B Metamorphic, (26)
' Limestons,
B Sandstone
= G339

cEmewoaes e




kegton, Coordinates Soll Dapth, Flectrical Gypaun, Sand, Silt, Clay. Color, Color,

l.canlon (lsragl Grid) Horizon cm Conductivity, b % % % dry wel
ssho/cs
Natharn Negov, 1210 0310 A I ) C.b - i0.7 22,2 8.7 157R7/4 15YRC/4
0 ik xer BC ac b 192.9 28.b 18.8 62.9 - -
&4 i PR ¥.3 33.4  17.4  4v.2 - -
Cace Tue 11.0 2 22.7 23.6  66.8 - -
worthern Kegev, 1270 u3i0 A 0o - 20 C.4 - 43.6  24.1 323 1CYR7/4 10YRS/4 )
e Boker C. 20 - 35 1.3 - 44,90 17.0 38.1 1GYR7/4 10YR6/4
Cq i - 60 z2.8 - 47.7  14.b  38.7 10YR8/4 10YR7/4
jordan Valley 1963 1487 Ay 0 - 10 41.0 - 9.2 17.8  20.7 10YR7/3 10YR8/4
Ay 19 2 ar.o 0.1 42.2  21.8 33.% 10YR7/3 10YR6/4
AC 26 - b0 3b.9 0.2 32.4 22.8 42.1 - -
Cicy 60 - 82 28.0 2.4 22.2 32.0 41.0 - -
Cice €2 -101 24.4 2.8 26.4 30.8 39.4 - -
Cice 101 -124 26.7 3.6 10.0  40.C  £4.7 ER8/2 BR7/2
Cica 124 -138 27.3 3.8 24.0 32.4 28.0 - -
Cice 138 -i67 29 .4 3.7 34.0 26.4 3.4 10YR8/3 iCYRR/3 .
Cics 167 -174 21.0 3.7 43.8 .2 2v.2 gvg/e cY7/2
11Cy 174 -210 27.3 3.8 33.2 28,0 35.7 LY8/2 RY7/3 -
11C, 218 290 23.% 3.8 17.8 30 2  48.4 EYS/: £Y7/2
Jidenr, Dere:t, 1764 104h A 0 - 22 1.0 - 30.8 4z.0 27.2 10YR8/4 7.6YRB/8
Rujm En Nega Bca 22 - 40 3.4 - 14.7 48.8  33.6 7.BYRS/4 7.6YR6/4
Baca 40 - 80 8.8 0.8 19.8  38.4 43.8 7.5YRL/4 7.5YRE/4
Bice e - 71 17.2 23.0 17.8  33.1  49.3 7.6YRE/4 7.6YRE/4 -
BCcq 7Y - 98 20.8 ?23.0 23,7  31.3  46.0 10YR7/4 10YR8/4 N
1IC, L8 8.2 44.0 26,0 < B7.b 7.6YR7/2 7.5YRB/4 -
Soutlhern Negav, 1466 8085 ¢y 10 - 30 16.8 1.8 47.7 12.0 10YRS/8 JIYRG/8 =
¥ouot Amrsa () 3 - 80 2.9 2.5 66.8 4.8 10YT " /4 L0YR6/6 -
Srutbern Negov, 1485 E€9ub b - 12 0.3 c 50.6  40.4 .Y 10YR7/6 7.LYRL/8
Nocnt Aaram <7 - 42 e.2 0 bl.2 43.0 6.8 10YR7/8 1CYKL/6
Soutrerr Negev, 1463 8970 Ay o - 2 0.4 o 60.8  42.7 8.7 10YR7/8 10YR5/8
bount Amram Cy 30 - 61 0.3 ° 6{.1 38.9 10.0 10YR8/6 1-iYR6/8
Cqy 70 - &b 17.4 1.1 68.6 24.3 7.2 10YRE/4 10YR4/E =
Cqy 95 136 17 .4 3.3 66.6 36.0 8.6 10YR8/4 7.b1ub/4-6
Eastern Sinald, 1298 86b0 8 40 - 80 1.2 1.8 66.0 27.b 5.8 - - -
fad) Mukeidils S 80 -100 ar.6 3.2 81.2 31.0 7.8 - -
‘_—\




No.  3So1l Type: Physiographlc  Pit Site Locsl Parent Climate Region, Cocrdinates So1l Depth,
Type of Surficlal Unit/Landform Material (P,mm/yT) Location (Israsl Grid) Horizon ce
Leposit
63. Dune Sand Active Dune o Sand Arid Vegtorn Negow. 1003 C450 1 -
(1o MWount Qeren
4 16373 G4 -
2 1005 0450 -
8 1004 0460 -
84. Dune Sand Active Dune - Sand Extremaly Arave Valley, 1587 9242 ¢ - b
Arid Yoivata
(32)
86. Alluvtal Sand Undulating Platesu- Sana Semi-arid Vestern Negev, 1003 092! A 0 - 48
H11l Divide (326) Be'eri Beg 48 -108
Cy 108 -138
‘ cy 138 -180
L1 Alluvial Sand Undulating - Sand Seal-arid Weotern Negev, 0040 0016 A o - 28
Hill (300) Kissofim Bea 2 - 73
Bea 73 103
Cica 103 -143
Cica 143 -210
Co 210 -280
Cy 260 -300
67. Alluvisl Sand Hilleslope Pleteau- Sand Seal-arid VYostern Yegav, 0047 00156 A 0 - 31
Hillslope (300) Kiseoflin Bea 31 - 80
Crest Cy 80 -101
Ca 101 ~176
68. Sandy Regosol Stabilize - Sand Moderately Yaatarn Negev, 072b 0726 A ¢ - 40
Duna Arid Yamit Cics 40 -100
(180) Cica 100 -140
Cy 140 -100
Ca 190 -269
69. 7 o Alluvial Alluvial Fan Upper Coarse Seal-ariq Jordan Valley, 1918 1816 A ¢ - 17
ol Fan Alluvius (260) Fatiael Bara 17 - 44
Bogy 4 - 70
Bace 70 -112
: C 112 -160
70. Brown Ailuvial Alluvisl Fan Upper Lisan Marl Arie Jordan Valley, 102! 1381 o - 8
: So11 Fan {(160) 8 - 24
1 24 - &2
' 62 -11b
. 116 -122
: 122 -144

Q

40




B
' o
ton, Coordinataes Sl Depth, Electrical Cypoun, Sand, §ilt, Clay, Color, Color,
ation (Israel Grid) Hort,on cm Conductivity, % % L] ] dry vet
amko/cm
F U g g S 1
tard soger, 3063 04Ev . - 3 ¢.3 0 90.4 ~ee-0.8 - --- - -
TS % o
1003 5352 - C.4 o 9.4 ----0.6---- - - .
1006 0483 - 0.2 o 2.9 ----7.1---- - -
1003 0480 - c.b 0 $8.8  ----1.2---- - -
va Vailey., 1687 9242 ¢ - b c.8 0 7.4 ----2.6----  7.5YRE/8 7.6YR7/6
vals
tern Negev, 1003 %421 A o - a8 C.4 - 71,1 1B.9  10.0  10YRB/4 10YR6/6
ort 8., 48 -1C8 0.3 - 7:.4 19.8 B8 9YRS/4 10YK4/6
o 128 -138 0.3 - 880 8.4 4.7 10YR6/4 10YR6/8
Cy 135 -189 0.2 - 94.6 2.8 2.8 10YR7/4 -
tern Negav, (948 0916 A 5o~ 28 0.4 - 84.4 B.8 6.8  10YRG/4 10YR4/4 =
sctin Bca 28 - 73 0.3 - 83.3 0.7 7.0 10YRE/4 SCYRE/4
Bea 73 -1 0.3 - 1.8 4.5 3.9 - 10YRE/8
Ciea 103 -143 0.3 - 0.7 1.8 1.7 10YR8.5/4  1CYR6/6
Cica 143 -2:0 0.3 - 8.1 0.6 1.4 - - -
Cy 210 -280 0.3 - 97.8 1.0 1.4 - - :
¢y 80 -300 0.3 - 7.0 1.7 1.3 - - “
tern Negev, 0047 0915 A o - 31 0.3 - 80.0 11.1 8.9  10YR8/4 10YR6/4 = H
otln Bea 3t - 8o 0.3 - 83.7 9.1 7.2  10YR8/4 10YRE /6 -
¢ 80 -101 0.2 - 3.7 3.0 3.3  10YR8/4 10YR6/6 :
Cy 161 -176 0.2 - 98.7 1.9 1.4 - 10YRE.5/4
Lers Negav, 0726 0736 A ¢ -4 0.3 - 8a.2 8.2 6.8  10YR7/4 10YRG/4
it Cren 40 -100 0.3 - 3.3 86 7.1 - -
Cica 100 -140 0.2 - 88.0 7.6 0.5 - - B
Cy 140 -100 0.2 - 0.8 4.7 4.6 - -
0y 190 -250 0.3 84.2 10.8 6.0 - ~
da» Yalley., 1918 1810 A c -7 1.8 - 62.0 2.0 18.0  10YR7/3 10YR6/4 =
zao. Byes 17 - 44 1.4 - 4.0 29.0 22.0 7.EYRB/4 7.6YRE/4 =
Bges 4 -7 0.8 - §9.4 22,0 18.8 - -
Byce 70 -112 0.9 - 72.0 13.6 14.4  7.6VR6/4 7.5YRE/4
112 -160 2.0 - 78.4 10.6 10.9 - -
an Valley, 1021 1381 n - 8 2.0 - 76.0 12.2  11.7  10YR7/3 10YR8/4
U1 ¢ 2.1 - 63.6 23.0 13.3  10YR7/3 10YRB/4 =,
24 - 82 2.0 - 79.6 9.8 10.b  10YR7/3 10YR8/4
82 -11b 6.0 - 81.0 10.0 8.8  10YR7/3 10YR6/4
116 -102 7.8 - 61.2 26.4 22.9 10YRB/3 1GR7/3
122 -144 10.7 - 66.4 23.0 1.1 1UTR7/3 10YRE/4




Soll Type:
Type of Surficial
Deposit

Physlographic
Unit/Landfora

Local Parent
Material

Climate
(", mm/yr)

Region,
Location

Coordinates
(lerael Grid)

Soll
Hort

72.

73.

74.

76.

Brown Alluvial
Soil

Brown Alluvial
Soil

Grususol

Crumusol

Gruausol

Alluvial
Terrace

Alluvial Fan

Hillelope

Plataau

Active
Flood-platn

Lisan Marl

Lisan Mar)

Limestone

Fine
Alluvium

Arid
(160)

Semt-arid
(400)

Seal-arid
(360)

Moderateliy
Arld
(200)

Jordan Valley, 1942
Jordan Valley, 1936
VYostern Negev 1078

Eastern Samarian 1866
Mountaine,
Ma‘'ala Efraim

Jordan Valley 1982

1358

133¢

icie

1864

11C,

By
By
b3
Egca
Baea

By
By
B;
By
B2

A3
By
by
B2
B3

Deptk.,
ron ca
0o -1
10 - 3
L
83 -/
% -9
90 -10
108 -17
0 - i
19 - 4
W0 -7
76 -iC
107 -147
140 -16
163 -189
0o -1
16 - 39
a0 - &
87 -120
120 -1862
180 -207
0 - 130
1c - 40
40 - 78
76 -126
126 -18%
186 -200
0 - 4
4 - 21
21 - 4b
46 - 80
80 -120
120 -189




- —— SEER ]‘
.ok, Coordinates Sci: Depib. Electrlcal Gypeum, Sand, S1lv, Clay, Color, Color,
stion (1srael Grid) Herizon cm Conductiviry, 2 % % % dry wet
acho/cm
lam valley, 1842 1358 c - 19 6.1 - 60.2 27.2 1c.4 10YRB/2 10YR7/3
0= 3 31.7 - 68.0 250 16.7 10YR?7/3 10YRB/4
6 - €3 31.7 - 78.2  12.4 8.1 10YR7/3 10YRB/4
63 - 78 28.4 - §4.0 4.0 1.0 10YR8/2 10YR7/2
78 - @0 23.5 - ©3.0 3.8 2.2 19YR?/2 10YR8/3
¢ -108 2.7 - 32.4 37.8 27.9 10YRB/2 1CYR7/1
198 -170 34.0 - 30.0 42.2 24.8 10YR8/3 10YR8/3
lan Valiey. 183F 1330 A 0 - 19 18.8 - 68.4 19.4 11.¢ 10YR7/3 10YRG/4
c, 13- 4 10.4 - 70.2  20.0 8.2 10YR7/3 10YRB/4
c. 4 - 76 20.4 - 74.8  18.8 5.8 10YR7/3 10YR8/4
Cy 76 -167 1.8 - 74.4  18.4 8.4 10YR7/3 10YRB/4
c. 137 -140 .3 - 71.8  18.0  11.7 10YR7/3 10YR8/4
Ces 140 -163 .3 - 22.4 B1.2 252 - -
12, 163 -180 B - 13.2  Bl.2 34.5 - - N
.ern Negev 1078 1018 A 0 - 14 0.8 - 23.8 33,0 42.3 7.8YRE/4 7.ETR4/4
By 18 - 30 0.4 - 21,4 34.7 439 - - .
B; 3 - 67 0.6 29.4  34.6  45.0 7.6YR6/4 7.6YR4/4
Bg 67 -120 1.7 - 16.0  33.4  50.8 - -
By, 126 180 3.0 16.4 33.2 6l1.4 - -
Bjer 180 -200 3.0 - 13.9  32.7 63.4 BYR4/4 bYR4/4 . i
.arn Samarian 1865 1868b A 0 - 10 0.4 - 9.1 31.3 60.8 6YR4/4 6YR4/4 !
1taine, B: 10 - 40 0.3 - 10.4 28.56 81.1 5YR4/4 6YR4/4 :
\le Efraim B; 40 - 76 0.3 - 10.0 31.0 58.0 - - :
B, 7 -126 04 - 8.1 314 605 - - :
By 126 -166 0.9 - E.¢ 32.3 61.8 6YR3/4 o1v3/4 H
By 166 -200 1.0 - 8.4 30.4 61.2 5YR3/4 6YR3/4 :
lan Vailey 1882 1703 Ay 0 - 4 2.0 - 43.4 18.4 38.1 10YR6/4 10YR4/3 :
A3 -2 0.6 - 38.2  21.4  40.4  10YR6/4 10YR4/3 }
By 21 - 46 0.6 - 24.4 32,4 432 7.6YR4/4 7.6YR4/4 -
B; 46 - 80 0.6 - 24.0 32.8 43.4 7.6YR4/4 7.6YR4/4 E
B 80 -120 0.9 - 22.2 33.B 43.% 7.6YR6/4 -
B; 129 -160 1.6 - 26.4 34.4 401 - -




TABLE G.0.3

ADDITIONAL SOIL PROFILES INCLUDED IN THE REPORT —
SOIL TYPES, LCCATION, NUMBER OF PROFILES.

80ll Type; Typeof
Surflelal Deposit

Loessial Sotl

Brown Loesslal Soll

Light Brown Loessial
Soil

Loessial Serosem Solil

Loess
Loesas
Locss

Takyr Soll

Solonechak 8oll

Colluviuin

RS

Physlographle Units
Landform

Hillslope
Hillslope
Eoliaa Plain

Hillslope

Hilislope
Hillslope
Hillslope
Hillslope
Badlands
Alluvial Terrace

Undulating Hill
Hillslope
Hillslope
Hillslope
Hillalope
Eolian Plain

Archeological Site
Archeological Site
Archeclogical Site

Playa
Playa

Alluvial Fan
Plateau Divi'-
Playa

Playa

Sabkha

Playa

Colluvial Hillslope
Debris Fiow Talus

Region; Location

Western Negev
Northern Negev, Sde Boker
Northern Negev, Sde Boker

Western Negev

North Eastern Negev, Qriot
North Eastern Negev, Qriot
North Eastern Negev, Qriot
Western Negev
Western Negev
Western Negev

Northern Negev, Te] Arad
Northern Negev, T2l Arad
Northern Negev, Tel Arad
Western Negev

Northern Negev, Sde Boker
Northern Negev, Sde Boker

Central Negev, Makhtesh Ramon
Northern Negev, Tel Arad
Southern Negev, Uvda Valley

Southern Negev, Qetura
Southern Negev, Qa En Nagb

Dead Sea, Ein ‘[smar

Eastern Samarian Mts.,, Ma'ale Efraim
Jordan Valley

Jordan Valley

Scuthern Arava, Arvona Playa
Eastern Sinai, Wadi Khumeijza
Eastern Sinai, Bir Sweir

Western Negev, Mount Qeren
Eaatern Sinai, Magrish

Coordinates No. of
(Israel Grid) Profiles

0913 0822 1
1270 0310 1
13068 0309 1

1165 1184 1

1609 0818
1624 0835
1623 0830
1124 0850
1012 0938
0995 0897

Pt e s et s

1624 0751
1589 0764
1806 0762
0972 0828
1270 0310
1310 0305

B et b BD e e

1440 0016
1820 0787 1
1464 9286 1

-

15680 9397 1
1350 8915

p—

1845 0440
1890 1640
1972 1343
1935 1587
1510 8956
1325 8704
1243 8556

[ S L ]

1005 0460
1305 8690
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8oll Type; Type of
Surficlal Deposit

Alluvium

Reg S0ll, Holocene

Reg Soil, Plelstocene

Physlographic Unit,
Landform

Active Floodplain
Active Floodplain
Acrtive Floodplain
Active Floodpiain
Active Floodplain
Alluvial Fan

Active Floodplain
Active Floodplain
Active Floodplain

Alluvial Terrace
Alluvial Terrace
Alluvial Fan Terrace
Alluvial Fan Terrace
Alluvial Fan Terrace
Alluvial Fan Terrace
Alluvial Fan Terrace
Alluvial Fan Terrace
Alluvial Fan Terrace
Alluvial Terrace
Alluvial Terrace
Alluvial Terrace
Alluvial Terrace
Alluvial Terrace
Alluvial Fap
Alluvial Fan Terrace
Debris Flow Fan
Alluvial Tersace
Active Talye

Alluvial Terrace
Alluvial Terrace
Alluvial Terrace
Alluvial Terrace
Alluvial Plain
Plateau-Divide
Alluvial Tetrace
Alluvial Terrace
Alluvial Terrace
Alluvial Fan
Alluvial Fan
Alluvial Terrace
Alluvial Terrace
Alluvial Terrace
Alluvial Terrace

Reglony Location

Dead Sea, Nahal Ze'elim

Central Negev, Makhtesh Ramon
Arava Valley, Yotvata

Southern Negev, Nahal Paran
Southern Negev, Uvda Valley
Southern Negev, Mount Amran
Eastern Sinai, Wadi Khmeira
Eastern Sinai, Wadi Mandara
Eastern Sinai, Bir Sa’al

Arava Valley, Hatseva

Central Sinaj

Dead Sea, Nahal Ze'elim

Dead Sea, Najal Ze'elim

Dead Sea, Nahal Ze'elim

Dead Sea, Nahal Ze'elita

Dead Sea, Nahal Ze'elim

Dead Sea, Nahal Ze'elim

Dead Sea, Nahal Ze'elim

Central Negey, Zin Valley
Central Neguv, Makhtesh Ramon
Central Negev, Makhtesh Ramon
Southern Arava, Nahal Odem
Southern Negev, Timna Valley
Southern Negev, Mount Amram
Eastern Sinai, Wadi Mukeibila
Eastern Sinai, Wadi Mukeibila
Eastern Sinai, Wadi Khuweit
Eastern Sinai, Wadi Mandar-

Arava Valley, Ein Yahav
Central Negey, Zin Valley
Central Negey, 2in Valley
Central Negov, Makhtesh Rawon
Arave Vailey, Hatzeva
Southern Negev, Nahal Yaalon
Southern Neyev, Nahal Paran
Southern Negey, Nakal Odem
Southerit Negev, Timna Valley
Southern Negev, Nahal Yael
Southern Negev, Qs En Nagb
Eastern Sinai, Wadi Mukeibilia
Eastern Sinai, Wadi Khuweit
Eastern Sinai, Wad; Thamila
Eastern Sinai, Wadi Aby Ruta
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Coordlnates

No. of

(Israel Grid) Profiles

1845
1325
1687
1450
1470
1457
1314
1040
0745

1780
0000
1845
1835
1845
1838
1845
1842
1848
1412
1504
1325
1508
1488
1457
1295
1290
1150
1040

1742
1480
1505
1340
1730
1552
1452
1504
1460
1444
1550
1287
1178
1123
1204

0845
€020
9242
9708
9353
8169
8684
8100
7968

0196
9551
0855
0858
0848
0843
0843
0847
0836
0260
0027
0020
9172
9114
8969
8665
8850
8342
8100

0106
0335
0340
0040
0203
9428
8717
9168
9110
8893
8921
8878
8349
f382
8755

'

1
1
1
1
1 .
1
1
1
1
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Soll Type; Type of
Surflklal Deposit

Reg Soll, Plelstocene

Reg Soll (age?)

Hammada Soll

Lithosol

Serosem Solil

Gravelly Regsol

Saline Brown Clayey
Regousol

Alluvial Sand

Brown Alluvls! Soil

Grumusol

Physlographlz Unity
Landform

Talus Relict
Paved Talus
Paved Talus
Paved Talus
Paved Talus
Paved Talae
Debris Flow Talus
Paved Talus

Alluvial Terrace
Alluvial Terrace
Paved Talus
Alluvial Terrace
Rockfall Talus

Plateau
Plateau-Hillslope Crest
Rocky Hillslope
Platcau-Divide

Platcau-!{illslope Crest
Andulating Hill
Hillslope

Alluvial Terrace

Sieve Deposite Talus
Debris Flow Talus
Sieve Deposit Talus

Hillslope

Alluvial Terrace

Hillslope
Alluvial Terrace
Alluvial Fan
Playa

Alluvial Fan

Plateau-Saddle
Piateau-Hillslope Crest
Hillslope

Reglon; Location

Central Negev, Makhtesh Ramon
Central Negev, Makhtesis Ramon
Central Negev, Makhtesh Ramon
Arava Valley, Paran

Southern Negev, Mount Amram
Eastern Sinai, Bir Sa'al

Eastern Sinai, Siket Nigbein
Eastern Sinai, Siket Nigbein

Dead Sea, Mitgpe Hatsatson
Eastern Sinai, Wadi Sa'ada
Eastern Sinai

Eastern Sinai, Bir Zreir
Eastern Sinai, Bir Zreir

Eastern Samarian Mts.,, Ma‘ale Efraim
Central Sinai, Makhtesh Ramon
Central Negev, Mount Lots

Southern Negev, Mount Amram

Judean Desert, Bani Naim Ridge
Dead Sea, Mitrpe Halzatzon
Northern Neger, Sde Boker

Jordan Valley

Southern Negev, Mount Amaram
Eastern Negev, Wadi Khmeira
Eastern Negev, Wadi Knmeira

Western Nugev

Western Neyguv, Mount Qeren

North FEastera Negev, Qriot
Jordan Valley
Jordan Valley
Jordan Valley
Jordan Valley

Eaatern Samaria Mis, Ma'ale Efraim

Western Negev
Western Negev
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Coordinates No. of
(Israel Grid) Profiles

1332 0041
1315 0018
1328 0042
16688 9739
1465 B985
0745 7968
0744 7918
0744 7918

- A B3 B Y LY

1835 1075
1140 8208
1233 8555
1090 8015
1095 8055

N oA W W

1597 0390
1185 9937
1128 9912
1460 8970

e

1715 1120 1
1868 1085 1
1270 0310 10

2010 1985 1

1465 8985 1
1311 8685 3
1288 8650

1015 0940 2

1003 0460 1

1624 0830
1953 1467
1925 1575
1932 1584
1947 1804

[N X

18680 1850 1
1165 1185 1
1163 118] 1
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APPENDIX 3 GLOSSARY

Note:

the hot deserta.

Acid Volcanic Rocks Igneous rocks
that have been poured out or ejected at or
near the earth's surface, having a higher
percentage of silica than orthoclase, the
liriting figure commonly adopted being

60%.

Aggregate A group of primary particles
intimately bound such that they form
secondary units.

A Horizon (in desert soils) A
mineral soil horison formed at or adja-
cent to the surface.

Alluvium An unconsolidated sediment
deposited by a stream or a river (a fluvial
sediment). Composed of gravel, sand,
silt, clay.

Badlands An  extremely dissected
Jandscape, characterited by very fine
drainage network, usually carved in un-
consolidated or poorly cemented materi-
als such as silt, clay, shale, chalk, vol-
canic ash. Lack of vegetation, steep gra-
dients and erodible materials are favor-
able enviromental conditions for bad-
land formation.

Bajada or Bahada The nearly flat
surface of a continuous apron consisting
of confluent alluvial fans which together
with the pedimnent make up the pied-
mont slope in a basin.

Ballena A major landforin comprising
distinctively round topped ridgeline rem-
nants of fan alluvium. The ridge's
broadly rounded shoulders mcet from ei-
ther side to form a narrow crest and
merge smoothly with the concave
backslopes.

The following terms are defined for application in the context of the present report. In
some cases the definitions are not sufiicient for general use. The emphasis here is on terrains of

Basalt A general term for dark colored
mafic igneous rocks, commonly extrusive
but locally intrusive, composed chiefly of
calcic plagioclase and clinopyroxene;
the fine grained cquivalent of gabbro.

B Horison (in desert scils) A
mineral soil hotisoa in which the parent
sediment or rock structure and texture
has distinctly changed, charachterised
by: (a) an illuvial concentration of silt,
clay and occasionly fine sand; (b) weath-
ering of certain minerals and iron
released as oxides/hydroxides; (¢) some
new structure has formed; (d) usually
shows accumulation of salts, gypsum or
carbonate.

Brown Alluvial Soil A brown soil
formed of youn alluvial deposita in val-
ley floors. The texture is loamy and
often contains CaCO,.

Brown and Light Brown Loessial
Soils A s0il formed of eolian or flu-
vial locss ysually with an AB_C or an
AB_B, profile. The texture is sandy-
loam, loam or clay-loam. It contains
CaCO; nodules throughout most of the
profile.

Buried Soil/Horizon A soil or an
horizon (B or C) is considered to be
buried if there is a surface mantle or if
it is overlain by a mantle of new materi-
al. (see palesol)

ca-Calcic Horizon
with a secondary concentration of
CaCQ,, of at least 5% by weight.

A soil horison

Chalk A very soft, white to light gray,
unindurated limestone composed of the

teste of fleating microorganisms and




some bottom dwelling forms in a matrix
of finely crysialline calecite. Some chalk
csn be almost devoid of organic remains.

C Horison A mineral soil horison or a
layer underlying B horizon (q.v.), usual-
ly similar in structure and texture to
the parent sediment or rock, but weath-
ered and unconsolidated.

Clay A soil or sediment separate consist-
ing of particles < 0.002mm in (e-
quivalent) diameter. Fine clay — <
0.001mun.

Climatic Regimes of the hot deserts
sre here subdivided accordingly to the
mean annualy precipitation as folows:
{(a) semi-arid — 400-250 mm/year; (b)
moderately arld — 250-150 mm/year;
(¢) arld — 150-80 wmm/year; (d} ex-
tremly arid - <80 mm/year.

Colluvium Colluvium is the superficial
mantle of unconsolidated rock debris
which consists of hetrogeneous materials
of any particie site which accumulate on
the lower parts or the base of alopes.

cs-Gypsic Horizon A s0il horiton
with a visible secondary concentration
of gypsum, usually more than 5%.

Debria Flow A dense (60-80% solids, by
weight), viscous and rapid flow consist-
ing of coarse particles embeded in fine
material. it usually begins on unvegetat-
ed talus or colluvial slopes during ex-
tremely heavy pre-ipitation. The depo-
sits are unstratified, poory sorted with
coarse particles matrix supported in
elongated, lobate forms. Commeonly
coarse particles armour the surlace and
form low ridges (levees) bordering the
flow.

Dcbris Flow Fan see: Fan — Debris
Flow.

Desert Pavement Desert pavementisa
type of surficial cover composed of >
40% gravel, overlying a fine earth {silt,

fine asnd, clay) horison. The gravel is
usually mechanically shattered and fiat
lying.

Divide A belt of separation between
drainage systems: the summit of an in-
terfluve,

Dolomite A carbonate sedimentary rock
of which more than 50% consists of the
minera} dolomite, o1 a variety of lime-
stone or marble rich in magnesium car-
bonate.

Dune Mound or ridge of wind blown (or
eolian) unconsilidated sand.

Sand dune — An eclian dune and a
landform element built of sand size
mineral particles.

Stabilised dune — A non-active dune
stabilised by  vegetation and
penetrating airborne dust and salts.

Climbing dune — A dune climbing on
a hillslope.

Dust —- Desert Dust The material in
surficial deposits (including soils) and in
the atmosphere composed of particles
smaller than 0.0625mm. It consists
mostly of  silt  sise  particles
(0.002-0.0625mm in diameter) with
lesser amounts of clay (<0.002mm) and
may include some very fine sand
(0.0625-0.125mm). Dust can remain in
suspension in the atmosphere for long
periods of time and be transported for
long distances.

Electrical Conductivity (in soils)
Electrical conductivity is a measure for
the concentration of soluble salts in
soils. Electrical conductivity is recipro-
cal] of electrical resestivity. The dimen-
sions are 1/ohm cm or mho per em. The
conventionally used units for soil solu-
tion or extract are millimho/em. The
standard temperature for reporting
electrical conductivity measurements is
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28°C.
Fan -— Alluvial

body of stream depoeits whose surface

An alluvial fan is a

approximates a segment of a cone that
radiates downslope from the point where
the stream leaves a mountaineous area.
Alluvial fans have greatly diverse sises,
slopes, types of deposits and source-area
characteristics. They are  1nost
widespread in the dricd parts of the
world,

Fan — Debris flow An sccumulation
of debris brought down by a debris flow
descending through a steep raving and
debouching in the plain beneath where
the detritial material spreads out in the
shape of a fan,

Fine Earth The texturaiseparate of the
suil which includes sand, silt and clay.

Flint (Chert) A hard, extremely dense
or compact, dull to semivitreous micro-
crystalline or cryptocrystalline sedi-
mentaty rock, consisting dominantly of
interlocking crystals of quarts. It may
contain amorphous silica, and impurities
such as calcite, iron oxide and remains
of siliceous and other organiams.

Flcod Plain
formed by stream, river, it represents the
area in which the stream/river flows,
erodes and deposits in time of flond. A
flood plain is composed of channel and

A geomorphic feature

overbank deposits.

Granite A term loosely applied to any
light colored coarse grained plutonic
rock containing quartz as an essential
component, along with feldspar and

mafic minerals.

Gravel
than 2mm in diameter. Subdivision of

Sediment or soil particles coarser

gravel: granule - 2-4mm; pebble -
4-84mm; cobble - 64-256mm; boulder -
>256mm.

Grus Angular fragments of crystal grain
pite produced locally by weathering of
coarse crystaline rocks, frequently gran-

ite.

Hammada A shallow soil developed in
situ, usually on hard bedrock on gently
sloping terrains, covered by angular rock
fragment. The profile includes ABR,
ACR, or ABCR horisons (often gypaic or

saline).

Hillslope Theinclined surface of a hill,
mountain plateau, plain or any part of
the surface of the earth. Slope is also
the angle at which such a surface devi-
ates from the horizontal.

Holocene (Recent)  An epoch of the
Quaternary (q.v.) period, from the end of
the Pleistocene (q.v.), approximately
10,090 yeara ago, to the present time.

Igneous Rocks A rock that solidified
from molten or partly molten matericl,

i.e. from magma.

Limestonc A sedimentary rock consist-
ing chiefly (more than 50%) of calcium
carbonate, primartly in the form of the
mineral calcite, and ¢r without mag-

nesium carbonate.

Lithosol A shallow s0il with no well
developed AC, ACR, C or CR horizons.
Usully formed on soft, friable bedrock,
often gravelly and saline.

Loam Soil material or depasit which con-
tains 7-27% clay, 28-50% silt, <5257
sand (see figure 1C in chapter C.1).

Locss Material transported and deposited
by wind and consisting of predominant-
ly silt with some very fine sand and clay

particles.

Loessial Serozem Soil A soil
developed of loess parent material. Very
Light brown or yellowisk brown in color,
usually sandy loam or losm in texture.
Contains carbonate nodules and at depth
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gypsum and salts.

Loessial Soil A soil developed from
loess parent material. In many cases it
forms on alluvial loeys, derived from pri-
mary eolian deposits. The texture ls
loam, silty loam or fine sandy loam.

Marl  An old term loosely applied to a
variety materials, most of which occur
as loose, earthy deposits consisting
chiefly of an intimate mixture of clay
and calcium carbonate, formed under
marine or freshwater conditions.
35-85% clay; 85-35%% carbonate.

Metamorphic Rocks  Any rock
derived from pre-existing rocks by
minerological, chemical and/or struc-
tural changes, esscntially in the solid
siate, in response to marked changes in
temperature, pressure, shearing stress
and chemical environment, generally at
depth in the Earth’s crust.

Paleosol A soil which have formed in
landscapes of the past (see also buried
soil/horison).

Plain A region of general uniform slope,
comparatively level o considerable ex-
tent, and not broken by marked eleva-
tions & depressions; it maybe an exten-
sive valley floor or a plateay summit, A
plain is here defined as an extensive area
having relief < 20m and gradients of
<10°,

Plateau

comparatively flat land which is com-

A relatively elevated area of

monly limited on at least one side by an
abrupt descent to lower land.

Playa An ephemerally flooded usually
barren area on a basin floor that is
veneered with fine textured szdiments
and/or salts. Acts as a8 temporary or the
final sink for drainage water.

Pleistocene An epoch of the Quater-
nary (q.v.), between the Pliocene of the
Tertiary (q.v.) and before the Holocene

(q.v.). It began approximately 1.8 million
years ago and lasted until the Holocene
came 10,000 years ago.

Quaternary The second period of the
Cenosoic era, following the Tertiary. It
began approximately 1.8 million years
ago and extends to the present, It con-
sists of the Pleistocene (q.v.) and the
Holoc :ne (q.v.) periods.

Regosol

isons,

A deep 80il with AC or C hor-
formed from unconsolidated
parent material, usually on hillslopes,

R Horison Continuous, ur.weathered sed-
iment or bedrock.

Reg Soil A soil with ABC, AC or ABR
horisons. Veneered by desert pavement
and containring at shallow depth gypsic,
salic or calcic horizons. It developes
from coarse desert alluvium or colluvi-
um, under an arid to extremely arid cli-
mate,

Riser A steeply sloping surface of one of
a series of natural step-like landforms,
as thorse of successive stream terraces.

Sabkha A term used on the Arabian Pen-
insula for a salt fiat or low salt encrust-
ed plain restricted to a coastal area, as
along the Persian Gulf.

Saddle A low point on a ridge or crest
line, generally a divid between the head-
of streams flowi; ; in opposite directions.

Sand  Soil or sediment particles between 2
and 0.0825mm in diameter. Fine sand
<0.250mm.

Sandstone
compacted detrital sediment composed
predominantly of quarts grains, the
grades of the latter being those of sand.

A cemented or otherwise

Sandy Regosol A deep soil with ACor
C horisons formed from unconsolidated
sand. A horison is light in color and
contains small amount of organic ma-
terial.
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Sandy Soil Sandy soil is a woil which in-
cludes sand as a major textural com-
ponent. Such soil ia rather diversified ac
cording to the pedogenic processes in-

volved.

sa - Salic Horizon A soil horison
with a visible secondary concentration
of soluble salts ‘(frequently chlorides),
usually containing more than 2% of

salts.

Serozem Soil A soil with ABC or ABB,

horizons, usually light in color.
Contains at shallow depth a calcic
and/or gypsic horizons.

Shale A fine grained sedimentary rock,
formed by the consolidation of clay, silt
or mud. It is characterized by finely lam-
inated structure, which imparts a fissili-
ty approximately parallel to the bed-
ding. It normally contains at least 50%
silt with 3595 "clay or fine mica fraction”
and 15%% chemical or authigenic materi-
als. It is generally soft bot sufliciently

indurated.

Sieve Deposit  Coarse grained lobate
masses on an alluvial fan and talus
whose material is sufficiently rnarse and
permeable to permit complete infiltra-

tion of water and dust.

Silt, A soil or sediment separate consisting
of particles between 0.0625 and
0.002nim in (equivalent) diameter. Fine
silt - <0.016mm.

Soil IHorizon A layer of soil differing
from adjacent genetically related layers
in various propertics (physical, chemical,

hiolngical, structure, texture, color).

Soil ’rofile A soil profile consists of the
vertical arrangement of all the soil hor-
izons (q.v.) down (o the parent material.

Soil (Deposit) Texture see: Texture
of Soil, Deposit.

Solonchak A s0il containing high
quantities of salts especially in the
upper horisons. Devalops in playas and
sabkhas where saline groundwater level
is shallow.

Talus Talus is here defined as a debris

mantle on a hillslope or at its foot,
formed by rockfall, slope wash, debris
flow or creep. It assumes
different/various forms: an apron at the
foot of a cliff; a cone at the mouth of a
gully or a small ravine.
The types of talus slopes in the present
report are: rockfall talus, debris flow
(q.v.) talus, paved (by desert pavement,
q.v.) talus and sieve deposit (q.v.) talus.

Takyr A fine textured soil developed on a
playa surface without a watertable close
enough to the surface to permit salt
crust to appear. It usually has a slightly

to moderately saline subsoil.

Terrace — Alluvial, Rock-cut
An abandoned, inactive, stream channel,
flood plain or alluvial fan.

Alluvial Terrace — a stream terrace
composed of unconsolidated alluvi-
um.

Rock-cut Terrace — a terrace, usually
cut by a stream in bedrock.

Tertiary The-6re. criod of the Ceno-
zoic era, betwee.. the Mesozoic and the
Quaternary; covered the span of time
between 6.5 and 1.8 million years ago. It
is subdivided into five epochs: the Paleo-
cene, Eocene, Oligocene, Miocene and
Pliocene.

Texture of soil or deposit A meas-
ure of the size of the particle com-
poncents and the particle size distribu-
tion (sce figure C.1.1,2 in chapter C.1).

Tread  The flat or gently sloping surface
of onc of a series of natural step-like
landforms, as those of succeszive stream

terraces.
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PLATE1
A Typical landforms of dissected limestone terrains (northen Negev):

(1) Crest.

(2) Rocky hillslope. 4
{3) Interchanging rocky scarplets with loess covered benches. ;
(4) Colluvial footslope. ‘
(5) Dissected colluvial - alluvial §11.

B A portion of tiie Negov on a satellite imagery. Note several broad landscape types:

(1) Loessisl terraina.

(2) Dune fields.

(3) Dissected limestone terrains.
(4) Alluvial plains.

(5) Limestone plateaus.
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PLATE 2
A A stabilised sand dune (1) overlain by an active climbing dune (2).

Mt. Qeren, northwestern Negev.

B An active dune with ripples climbing over the ruins of Bysantine Rehovot in the
rorthwestern Negev.

C Longitudinal dunes along the cosst of northeastern Sinai.

D Loess overlying chalk in the northen Negev.

Note the thicker loess mantle on the north facing hillslope (righthand side of the
photo).
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PLATE 8
The plays of Qa En-Nagb, southern Negev, surrounded by alluvlal fans, Takyr solls
characierine the plays surface.
A playa bordered by alluvial fans (southern Arava Vallay),

(1) Old alluvis] fans mantied by Reg Bolls,

(2) Active alluvial fon — sand and gravel,

(3) Outer plays tone (vegetated) — sllsy sand and sand.

(¢) Transition sone — sandy olly, sallne and gypslferous.

(8! Inner playa 1onc — sandy and sllty clay, highly saline and gypsiferous,
Sofi, pufly and wet sllay-clayey plays surface.

Avrona playssouthern Arava Valley.

Soft, pully, highly saline and sterlle inner playa sone.

Avrona plays, southern Arava Valley,

4






PLATE 4

(1) Alluvial surfaces of different Quaternary ages mantled by Reg soils.
{2) The extensive playa of Al Julr.

Southern Jordan.

Holocene alluvial surfaces of Nahal Hever, draining into the Dead Sea.

Alluvial surfaces of different agen:

(1) Pleistocene surfaces with s well developed desert pavement over & smooth sur-
face.

(2) Holocene surfaces with a gravel bar and swale morphology.
(3) Active floodplain.

Timna Valley, southern Negev.

Dissected alluvial fans with rounded and narrow ridges - ballenas.

Nahal Roded, southern Arava Valley.
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PLATE S
A The complex slluvia] fan of Wadi Wattir, castern Sinai:

(1) Alluvial fan composed primarily of gravel and sand.
(2) A belt of active sand dunes.
(3) Constal sabkha,

B Surficial patterns of alluvial fans (Eastern Sinail:

(1) Pleistocene surfaces, smooth with a well developed desert pavement.
(2) Holocene surfaces w.th well preserved gravel bars and awales.
(3} Active Boudplains.
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PLATE o
Debris flow fan surfaces of Holocene age, composed of sieve deposits.

South of Wadi Mukeibila, eastern Sinai.

A debris flow fan of Hclocene age, composed of sieve deposits,

Eastern Sinai.

Recently deposited sieve deposits.

Wadi Naseb, eastern Sinai.

A recently deposited debris flow with sieve deposits at the surface.

Wadi Naseb, eastern Sinai.
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PLATE 7

Some landforme associated with major escarpmentes - ’

A

(1) A plistesu with Hammsds solls.

(3) Talus relicts, composed of debris low deposits mantled by Reg solls.
(3) Transition between talus and bajada, mantisd by Reg soile.

(4) Middle Pleistocene alluvial fan terraces with Rag soils.

(5) A late Quaternary slluvial fan terrace with Reg soil.

Makhtesh Ramon, central Negev.

An active talus slope. Note recently active debris flows. Bouth of Wadi Mukeibila,
aastern Sinaf.
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PLATES

(1) Hillcrest fiat with Hammada soil.
(2) Limestone benches with loessial Serosem soils and Lithosols.
(3) Footslope colluvium with calcic and gypsic lossial soils.

Nitsana aren, western Negev,

An undulating high plateayu. The soils are highly clayey and calcic.

(1) Hammada soil.
(2} Clayey, calcic loessial soil.

Mt. Katerina, southern Sinai.
Talus slopes composed of rookfall debris and sieve deposits. The bedrock lithology
is rhyolitic quartz porphyry.

Mt. Amram, Southern Negev.

Talus slopes at the foot of a large scarp. The taluses are composed of debris flow,

rockfall and washed grus deposits. The bedrock lithology is coarse ¢rystalline
granite.

Santa Kztarina zrea, southern Sinai.

Talus slopes, composed of debris flow and rockfall deposits:

(1) An active talus.

(2) A talus relict mantled by talus Reg soil. Bedrock lithology is flint and marl
layers (Sayarim Formation) overlying chalks (Menuha Formation).

Southern Arava Valley msrgins.

Talus slopes composed primarilly of debris flow deposits.
Note recent debris flows on the upper part.

Wadi Mukeibila, eastern Sinai
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PLATE ¢
Densely dissected and badland terrains:
A Loess and loessial soils in the southern coastal plain in Israel.
B Chalks and shales of the Lisan Formation in the northern Arava Valley.
C Marls and shales in the Zin Valley, northern Negev.

D Chalks averlain by flint, northen Negev.
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PLATE 10
A Round structures of an archaeological site of Middle Bronse 1 Age (-4000 years |
old). The structure is partly filled with eclian dust.
Nitsana Site, western Negev. .
B A cutin a Middle Bronse I house, partly filled with eolian dust and collapse atones.
Be'er Ressisim, western Negev.
C

A cut in a dust and gravel fill of an Early Bronse archaeological site (-4500 years
old).

Tel Arad, northe:n Negev.

D Stratified fluvial loess and gravel fill behind a dam.

LJ
Western Negev.
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PLATE 11
A A well developed Hammada soil on a limestone plateau. A complete cover of desert *
pavement overlying a gravel-free B horison. 1
Southern Negev ,
B A Hammada soil profile on a quarts prophyritic bedrock. A complete, well

developed, desert pavement cover; a silty vesicular A horison (1 cm thick); the C
horison (30 cm thick) is composed of mechanically weathered gravel, with highly
saline and gypsyferous ailty sand (including gypsic gravel coatings).

Mt. Amram, southern Negev.

C A young Takyr #0il in the southern Negev, composed of silt-loam.
D A Pleistocene Reg s0il in eastern Sinai: a gravel-free B horison and a highly gypsi-
ferous and saline C horison. Note the gypsic pebble coatings. '
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PLATE 13
Stratified alluvium in a Holocene terrace, composed of gravel and sand.

Mt. Amram, southern Negev,

Stratified and cross-bedded Buvial (1) sands and (2) silty loams,

East of Yotvata, southern Arava Valley.

Gypsum coating of cobbles in a Pleistocene Reg soil.

Timna Valley, southern Negev.

Discontinuous gypsum coating on gravel in the C horison of » latest Pleistocane -
early Holocene Hammada Soil.

Mt. Amram, southern Negev.
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PLATE 13

A An early Holocene Reg soil: a locally well developed desert pavement overlying a
thin vesicular silt-loam A Lorison (0.5 cm thick). B horison is gravelly and slight-
ly saline. C horison is highly gravelly, gypsiferous and saline. Note the mechani-
cally weathered gravel in the C herison,

Nahal Ze'elim, western Deed Sea.

B An early Holocene Reg 20il in Timna Valley, southern Negev. The vesicular A hor-
ison i 1.0-1.5 cm thick; B horison is 5-10 ¢cm thick and highly silty; C horison is
gypsiferous and saline, with s high propori.on of salt weathered gravel.

C A Pleistocene Reg soil on a high terrace of Wadi Sa’ade, eastern Sinai. Note the
difference between the highly gypsifercus right hand side and the far less gypsi-
ferous left bank side of the C horison.

D An old polygenetic Reg soil on a late Tertiary surface. A thick layout grave -free
silt loam A and B horisons, is overlain by s well developed desert pavement.
Paleocalcic and paleogypsic horisons are observed below depth of 70 cm.

E A lats Pleistocene Reg soil with a petrogypsic horison in the southern Arava Val-
ley.

F A mottled calcic paleosol burried under a later loessial cover in Nahal(=wadi)
Nitsana, western Negev.
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PLATE 14

A gravelly surface of an eariy Holocene alluvial fan. An early stage of desert
pavement development,

Wadi Mukeibila, eastern Sinaij.

A well developed desert pavement.

Nahal (=wadi) Nitsana, western Negev,

Plates of sandstone over sand and bedrock.

Southern Sinai.

A typical Hammada surface:

(1) Limestone bedrock, in situ.
(2) Desert pavement over Hammada soil in pockets .

Western Negev,
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PLATE 16

A Encrusted debris mantle on shales. The cruat is composed of 60-70% clay, 30-40%
silt, and minor amounts of fine sand (< 5%).

Northern Negev. =

B Fine angular gravel is sieve deposited in an active alluvial fan.

Mt. Amram, southern Negev.

C A loamy crust deposited on an active floodplain.

Biq'at Uvda, southern Negev.
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